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 More than 270 individuals from about the last 6000 years have been unearthed from the 
Prince Rupert Harbour (PRH) archaeological sites in British Columbia (BC), Canada. Their 
descendants, the Coast Tsimshian, still reside in BC and partnered with the Malhi lab to explore 
their population history and the genetic effects of colonization on BC First Nations populations. 
In this dissertation, I sequenced the hypervariable segment (HVS1) of mitochondrial DNA 
(mtDNA) of 61 ancient PRH individuals and compared them to the descendant groups, the Lax 
Kw’alaams First Nation and Metlakatla First Nation. For context, I also compared the PRH 
individuals to the Nisga’a First Nation, the Stswecem’c Xgat’tem First Nation, and the Splatsin 
First Nation. There were haplotypes shared between these ancient and present-day individuals, 
and with the exception of the Metlakatla, genetic diversity in the present-day populations was 
less than that of the ancient population. This suggests a detrimental effect of European 
colonization, which would be expected given several factors including the spread of diseases by 
Europeans, forced migrations, and the stress of colonization. Additionally, the PRH population is 
not only related to these present-day coastal BC First Nations groups, but also to Alaskan Haida 
and Tlingit Indigenous groups as well. The Y-chromosome population history was also explored 
using high-resolution Y-STR data sets and SNPs. No STR haplotypes were shared between any 
present-day and ancient population, and the majority of present-day Y-chromosome haplogroups 
belong to those commonly found today in European populations. Since the mtDNA of present-
day individuals exhibited a very low frequency of haplogroups commonly found in Europe, this 
indicates a sex-biased effect of colonization where the majority of the Indigenous Y-
chromosome variation appears to have been replaced with European Y-chromosome variation. 
Since the whole mitochondrial genome (mitogenome) provides more information than the HVS1, 
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I sequenced the mitogenome of 103 ancient and present-day BC individuals. Some of the HVS1 
haplotypes that appeared to be the same, were no longer the same when mitogenome haplotypes 
were generated. There are three mitogenome haplotypes that are shared between at least one 
ancient individual and a member of a present-day First Nation population, further demonstrating 
genetic continuity of the BC populations. Since this is one of the largest ancient populations that 
has been studied and has present-day descendants, these BC populations are ideal for examining 
genetic continuity during European colonization. This could provide insight into other 
populations in the Americas as some of these ancient mitogenomes could represent founding 
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CHAPTER 1: INTRODUCTION 
Abstract 
 European colonization is one of the largest and most understudied demographic events in 
the world. Substantial cultural and demographic changes occurred during colonization that are 
difficult to study since much information on the populations present before colonization was lost.  
The Prince Rupert Harbour (PRH) archaeological sites in British Columbia (BC), Canada have 
provided scientists with information on populations that were present for thousands of years 
leading up to European contact. The ~270 PRH individuals that were buried in shell middens for 
up to 6000 years, now unearthed, have revealed considerable information about this population’s 
burial practices, society, and disease history. Contact was made with coastal First Nations 
individuals by Eurasian people in the late 1700s, a European trading industry was established, 
and eventually led to a constant Eurasian presence in the area, with occasional intermarriage 
practices most often between Eurasian men and Indigenous women. Since the population 
genetics of these First Nations groups before colonization occurred is understudied, sequencing 
the DNA of both ancient and present-day individuals can provide insight into the population 
history of these First Nations people. Interdisciplinary methods such as the study of oral 
histories, archeology, and biology can be used to give a clear picture of the population history 
over the last few thousand years. In this dissertation, I use an anthropological genetic approach to 
illuminate the effects of colonization on Indigenous people.   
  
Research objectives and implications 
 The effects of European colonization can be studied with an ancient and present-day 
population to look for changes that occurred during contact. The present-day Lax Kw’alaams and 
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Metlakatla First Nations communities in BC are interested in demonstrating genetic links 
between their groups and people unearthed in archaeological sites in BC, such as ancient PRH, 
and studying the genetic effects of European colonization on their population. Based on this 
interest, the Malhi lab has engaged in community-based participatory research projects with the 
Lax Kw’alaams First Nation, the Metlakatla First Nation, the Laxgalts’ap First Nation, the 
Stswecem’c Xgat’tem First Nation, and the Splatsin First Nation. These communities provided 
DNA samples as well as important Indigenous knowledge about their people and perspectives, 
and the Malhi lab conducted DNA analyses and shared the results with the communities. The 
first objective of this dissertation is to examine the genetic effects of European colonization by 
using ancient mtDNA and Y-chromosome DNA from individuals unearthed from the PRH 
archaeological sites and comparing their DNA to the present-day descendants, the Lax 
Kw'alaams and Metlakatla First Nations. The second objective is to ascertain whether European 
colonization disproportionately affects one sex more than the other and if so, by how much? I 
accomplished these objectives by using standard laboratory techniques such as DNA sequencing 
and STR typing for both the ancient and present-day people (Sanger et al. 1977, Nakahori et al. 
1991, Bolnick 2005, Yong-Bin et al. 2010, Cui et al. 2013, Doran and Foran 2014, Lindo et al. 
2017). This genetic information could shed light on European colonization of the Americas, 
which remains an understudied demographic event.  
Out-of-Africa, the advent of agriculture, the Atlantic slave trade, and European 
colonization are examples of demographic events that we know occurred (Ammerman and 
Cavalli-Sforza 1971, Martin 1973, Eller 2001, Yotova et al. 2011). European colonization 
remains poorly understood because it had drastic effects on the Indigenous people of the 
Americas that clouded their history and introduced biased perspectives from Europeans 
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(Williams 1989, Suttles 1990, Larsen and Milner 1994, Henige 1998, Ames and Maschner 1999, 
Taylor 2001). Some of the detrimental effects of colonization include conflict, disease, stress, 
and forced migration. A study of these effects could help scientists and Indigenous communities 
understand the implications of colonization and begin to address the ethical implications of 
European colonization. Archaeological sites present rare opportunities to examine Indigenous 
populations before the time of European contact. 
 
Biocultural context 
Since the 1900s, over 20 areas have been designated as archaeological sites and 
unearthed off the coast of BC on the Kaien, Digby, Lucy, Garden, and Dodge Islands as well as 
on the BC mainland. This area was named Prince Rupert Harbour after Prince Rupert of the 
Rhine, the first governor of the Hudson Bay Trading company (Talbot 1912). The PRH sites 
have been dated from ~500-6000 years before present (Smith 1909). Approximately 270 
individuals have been unearthed from shell middens near the housing structures. This area has 
been studied extensively for the last several decades, leading to detailed accounts of the sites, the 
artifacts present, and the people who were unearthed (Beynon 1941, MacDonald and Inglis 1981, 
Croes 1989, Cybulski 1990, Fladmark et al. 1990, Suttles 1990, Larsen and Milner 1994, 
Cybulski 2001, Martindale and Marsden 2003, Maschner 2011).   
 Researchers using interdisciplinary methods have suggested that the PRH region has been 
continually occupied by Tsimshian people for the last several thousand years (Beynon 1941, 
Croes 1989, Cybulski 2001, Martindale and Marsden 2003, Lax Kw’alaams Band 2015). Many 
objects, such as square cedar bark baskets with checkered bases are said to provide evidence for 
Tsimshian presence in the area since 6000 years before present (Croes 1989, Cybulski 2001). 
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The shape of the bases, as well as the elaborate rims, suggest these baskets were made by 
Tsimshian individuals, in contrast to the Haida- and Tlingit-speaking groups, which have 
differently shaped baskets. Oral histories from Tsimshian people also suggest a continual 
presence in the area (Beynon 1941, Lax Kw’alaams Band 2015). The population in PRH was 
said to have a complex hunter-gatherer lifestyle, which is when hunting and gathering is the main 
subsistence practice usually attributed to mobile groups. However, the community lived in 
permanent housing structures year-round, which is not often found in hunter-gatherer groups 
(Ames and Maschner 1999, Cybulski 2001). The continual presence of these Tsimshian people 
provides a rare opportunity to study the effects of colonization on present-day people who share 
a history with the ancient people in the same location. The PRH population was also thought to 
have a matrilineal social structure, suggesting men migrated into the communities from nearby 
sites (Cybulski 1993, Donald 1997, Ames 2001). These details on their social structure shed light 
on their migration patterns, which might prove to be important when studying sex differences in 
this population. 
Archeologists have called this area the “North Coast Interaction Sphere” due to the 
different Indigenous groups that coexisted (Fladmark 1975, Fladmark et al. 1990). Present-day 
Alaska was inhabited by Haida and Tlingit groups (Suttles 1990). These other groups reportedly 
interacted with the Tsimshian in BC through trade systems, intermarriage practices, and warfare 
(Matson and Coupland 1995, Croes 1999, Cybulski 2001, Maschner 2011). The mainland BC 
was occupied by Haisla, Bella Coola, Heiltsuk, Gitksan, and others (Cybulski 2001, Maschner 
2011). The Greenville site, which is a Nisga’a community in BC and is 62 miles from PRH, was 
unearthed in 1981, and was used as a burial site starting 5500 years ago (Cybulski 1992, 2013). 
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According to cranial morphology and other data, these individuals may be biologically related to 
the people at PRH (Cybulski 1992, 2001, 2013).   
The present-day Coast Tsimshian in BC have an oral history that documents their contact 
with some Europeans (Cybulski 2001, Lax Kw’alaams Band 2015). William Duncan was a 
missionary who lived in BC in Lax Kw’alaams, Metlakatla, and then moved to Alaska to form a 
new community, also called Metlakatla. Around the time of a smallpox epidemic, Duncan was 
forced to relocate, and a group of Indigenous people went with him. He wrote in a journal that he 
had vaccinated the people who came with him to Metlakatla (Duncan 1862, Suttles 1990). The 
Lax Kw’alaams population experienced a disease event where around 80% of their population 
died from this smallpox epidemic in the late 1800s (Boyd 1990, Halpin and Sequin 1990). The 
people of Metlakatla survived this epidemic. 
 
Previous genetic scholarship 
 Mitochondrial DNA (mtDNA) has been informative of the maternal history as well as 
other topics including human migration, disease, and the structure of populations (Wallace 1994, 
Tamm et al. 2007, Achilli et al. 2008, Fagundes et al. 2008). Studies of mtDNA from around the 
world have classified mtDNA sequences into groupings of individuals with similar ancestry. 
These groups, called haplogroups, are determined by one, sometimes two single nucleotide 
polymorphisms (SNPs) and named with letters of the alphabet. Haplogroup A, for example, is 
defined by the presence of an A to G mutation at position 663 of the mitochondrial genome 
(mitogenome) (Schurr et al. 1990). Further refinement of haplogroups is done with 
subhaplogroups that are named by adding numbers and letters after a haplogroup. Some 
subhaplogroups are short while others have enough known variation to form many levels of the 
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group. With more mitogenomes being published, the mitogenome tree is regularly updated to 
include them (van Oven and Kayser 2009).  
Previous research using whole mitogenomes in Indigenous populations has provided 
insight into the maternal population history of the Americas. The use of whole mitogenomes in 
ancient DNA studies can provide further insight into the diversity present before colonization 
and possibly the founding types in the Americas. It can also further explore the variation present 
in a population. Haplogroups A, B, C, D, and X are all found in the Americas from the peopling 
of the Americas (Schurr et al. 1990, Torroni et al. 1992). Founding mitogenomes of Indigenous 
peoples in the Americas include A2, B2, C1b, C1c, C1d, C4c, D1, D2, D4h3a, X2a, and X2g 
(Bandelt et al. 2003, Tamm et al. 2007, Achilli et al. 2008, Fagundes et al. 2008). Many 
researchers call these founding mtDNA haplogroups Native American or Indigenous 
haplogroups, however this can be problematic since the mtDNA or Y-chromosome haplogroup 
does not alone define the identity of a person (Bader and Malhi 2015). The present-day 
community members all report an Indigenous identity and the ancient people have been present 
since before colonization, and therefore are all considered Indigenous as well. Given this 
information and for brevity, throughout this dissertation I will refer to these founding 
mitogenomes as Indigenous haplogroups, meaning haplogroups that were present at the time of 
the peopling of the Americas, and non-Indigenous haplogroups, meaning groups that were not 
found in the Americas before European colonization. 
  The Y-chromosome can inform on the population history of men when this paternally-
inherited DNA is studied. Y-chromosomes also have haplogroups and are grouped by shared 
ancestry, defined by SNPs, and are named with letters. However, these groups were named later 
than mtDNA haplogroups, are independent from the mtDNA haplogroups, and they were named 
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to correspond more with phylogeny (Stoneking 2017). Haplogroups C and Q are commonly 
found in the Americas since the peopling of the Americas and will be referred to in this 
dissertation as Indigenous haplogroups (Underhill et al. 1996, Karafet et al. 1999). Previous 
work on the genetic effects of European colonization on the Y-chromosome demonstrates a sex-
biased effect of European colonization (Bolnick 2005, Bolnick et al. 2006). This bias is 
demonstrated by the presence of numerous mtDNA lineages that belong to Indigenous 
haplogroups, but the Y-chromosome haplogroups more often belong to non-Indigenous 
haplogroups found in present-day Europeans. These previous studies have only examined the Y-
chromosome in present-day populations and the ancient variation is understudied, likely due to 
the difficulty in obtaining this DNA from ancient remains (García-Bour et al. 2004, Kemp et al. 
2007, Kuch et al. 2007, Rasmussen et al. 2010, 2014). To examine potential sex differences of 
European colonization, the Y-chromosome can be studied in ancient populations, when possible, 
to provide information on the paternal history before colonization. 
Genetic studies of the ancient and present-day BC Coast Tsimshian have been published 
revealing history of the Indigenous populations before colonization. These studies have 
demonstrated genetic continuity between the ancient PRH and present-day First Nations 
populations in BC, supporting archeological and oral records of continual Tsimshian presence in 
the area (Cui et al. 2013, Lindo et al. 2017, 2018). The Cui et al (2013) study only examined four 
ancient and three present-day BC individuals, and much is yet to be known about the ancient 
population variation and the effects of colonization. Another study found a 57% reduction in 
effective population size in the present-day populations around the time the aforementioned 
smallpox epidemic occurred, indicating that European colonization had a dramatic effect on this 
population (Lindo et al. 2016). This was done using exomes, or the collection of exons (coding 
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regions) of DNA, but the Y-chromosome has yet to be examined to explore the effects of 
European colonization on the paternal history. A study of the present-day coastal and interior BC 
First Nations populations examined the mtDNA and Y-chromosome variation (Hughes et al. 
2016).  
The First Nations groups in BC are some of the only populations that have been 
compared to ancient individuals. One other location where ancient and present-day individuals 
were compared was in South America (Llamas et al. 2016). Llamas et al (2016) examined South 
American ancient individuals and compared them to present-day comparative data sets in a large 
study to inform on the peopling of the Americas and to examine the effects of European 
colonization on the ancient South American population. They found no sharing of haplotypes in 
their study of 92 ancient mitochondrial genomes (mitogenomes) with present-day populations in 
published databases (van Oven and Kayser 2009), and suggested that these mitogenomes did not 
persist after European colonization. Another study of a large number of ancient individuals 
spanning a large time range was Duggan et al (2017), which studied populations of archaic and 
ancient Indigenous individuals in Eastern Canada and found no sharing of haplotypes across 
these populations. Their proposed reason for this was that the Newfoundland and Labrador areas 
were settled multiple times by people without recent common ancestry, making their 
mitogenomes appear different.  
 
Chapter summaries 
Chapter 2 of this dissertation presents data from the mtDNA of the ancient and present-
day First Nations of BC. This chapter supports previous data showing that these ancient and 
present-day groups are closely related (Cui et al. 2013, Hughes et al. 2016). Additionally, these 
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data show a reduction in genetic diversity in the Lax Kw’alaams and Laxgalts’ap compared to 
the PRH community. However, Metlakatla has more genetic diversity than the PRH community. 
One possible explanation for this could be the movement of people in the 1800s from the Lax 
Kw’alaams to Metlakatla, increasing the diversity. Lastly, this chapter demonstrates that the 
Haida, Tlingit, and Tsimshian people are all closely related, as could be expected given the close 
geographic proximity. A decrease in mtDNA diversity and previously known decrease in 
effective population size shown in autosomal DNA data do suggest an effect of European 
colonization (Lindo et al. 2016, 2017). 
Chapter 3 explores the Y-chromosome STR variation in the ancient PRH population and 
compares it to the present-day BC First Nations people. This is the first large ancient STR data 
set from North America that captures ancient variation before European colonization. There did 
not appear to be a clear decrease in genetic diversity in any of the present-day First Nations 
groups as predicted, however, low sample size in the present-day groups could be inhibiting a 
true measure of their diversity. Missing data in the ancient data set could also be an influencing 
factor. It is common to find that many more present-day non-Indigenous haplogroups exist in 
this population, whereas there were no non-Indigenous mtDNA haplogroups present in Chapter 
2. This suggests more of a reduction in genetic diversity in the mtDNA of present-day 
individuals than in the Y-chromosome. This result is counter to what I predicted, based on the 
history of European contact of primarily European men migrating to the BC area and often 
having children with Indigenous women.  
Chapter 4 examines mitogenomes of these ancient and present-day First Nations 
populations in BC to further explore the question of the genetic effects of colonization on 
mtDNA variation and expands on Chapter 2. This chapter demonstrates additional haplotype 
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sharing between ancient and present-day individuals than previously reported, further 
demonstrating genetic continuity in this population. Unlike in the Llamas et al (2016) study, 
these results demonstrate that European colonization did not cause all of the haplotypes to 
disappear. However, this chapter only found a reduction of genetic diversity in the Lax 
Kw’alaams present-day population, suggesting that the high mutation rate in the HVS1 obscured 
the true estimates of mtDNA genetic diversity, or the haplogroup composition of the Metlakatla 
and Other Tsimshian groups greatly differ, adding variation. This chapter reveals many 
mitogenome haplotypes that were previously unknown in the literature and at least one haplotype 
is likely a founding type in BC. This is suggested due to its high frequency in the ancient 
population and the presence of several other haplotypes that are between 1-2 mutations away 
from this possible founding type. The effects of European colonization are apparent, however the 
First Nations groups in BC retain some of the ancient variation.  
 
Conclusions 
Through the use of interdisciplinary methods such as archaeology and Indigenous 
knowledge told through oral histories, researchers can and have learned much about the 
population history of the people who used to live in the PRH region and their descendants. The 
addition of biological research illustrates that genetic effects of European colonization appear to 
have removed many Y-chromosome haplotypes by the present-day, substituting in non-
Indigenous haplogroups instead. The mtDNA appears to have been slightly affected as well seen 
through slight declines in genetic diversity in some of the present-day populations, with the 
effect more pronounced in the HVS1. The population history in BC seems to have been greatly 
affected by the migration of people as a result of missionary involvement and these recorded 
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events provided valuable insight on interpreting the results of genetic analyses. This dissertation 
explored one of the large demographic events in the world, European colonization of the 
Americas, that has been understudied due to the lack of available data on populations before 
contact. The results indicate a detrimental effect of colonization that likely occurred throughout 
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CHAPTER 2: MITOCHONDRIAL DNA ANALYSIS OF AN ANCIENT BRITISH 
COLUMBIAN POPULATION AND THEIR PRESENT-DAY DESCENDANTS REVEAL 
THE IMPACTS OF EUROPEAN COLONIZATION 
 
Abstract 
 The population history of the First Nations people in British Columbia (BC), Canada can 
be inferred through the analysis of mitochondrial DNA (mtDNA). While a majority of genetic 
studies of Indigenous populations in the Americas focus on events associated with the peopling 
of the Americas and post-European contact events, a full understanding of how DNA variation 
can be used to infer history is most complete when also studying the impacts of European 
colonization. To this end, I performed an mtDNA analysis of 61 ancient Prince Rupert Harbour 
(PRH) individuals and their descendants in BC. This study revealed that the ancient PRH group 
is likely ancestral to present-day Tsimshian-speaking BC individuals, adding support to existing 
archaeological and genetic research, and oral histories. Additionally, similar to present-day 
Indigenous communities on the Pacific Coast of North America, this ancient PRH population 
demonstrated that mtDNA haplogroup A was in high frequency at every site. As a result, 
present-day coastal communities showed a closer genetic relationship to the ancient group than 
to present-day communities in the interior of BC. Genetic diversity measures indicate a reduction 
in diversity in present-day Tsimshian populations compared to the ancient PRH group, 
suggesting a bottleneck following European contact. The large number of ancient individuals 
present in PRH, combined with a micro-environment conducive to preserving DNA, provides the 
opportunity to illuminate the population history of First Nations groups. Genetic research on 
Indigenous populations in North America also makes possible the study of the effects of a poorly 
understood demographic event, European colonization of the Americas. 
19 
 
Introduction   
 Researchers use DNA variation to study the evolutionary history of Indigenous people, 
including the initial peopling of the Americas (Bonatto and Salzano 1997, Malhi et al. 2002, 
Ramenofsky et al. 2003, Schurr and Sherry 2004, Tamm et al. 2007, Mulligan et al. 2008, Reich 
et al. 2012, Raghavan et al. 2015). This history is incomplete without studying one of the largest 
demographic events in the world: European colonization of the Americas. European colonization 
has been studied using oral histories from Indigenous people (Beynon 1941, Richter 2001), 
language diversity (Grenoble and Whaley 1998), biology of humans (Cameron et al. 2015), 
bioarchaeology (Cameron et al. 2015), and records from colonizers (Taylor 2001). To provide an 
additional view of the impacts of European colonization, recent studies of DNA variation of 
Indigenous peoples of the Americas indicate a variable degree of non-Indigenous admixture, 
primarily with European individuals, occurring at various times after European contact (Bosch et 
al. 2003, Bolnick et al. 2006, Hunley and Healy 2011, Reich et al. 2012, Verdu et al. 2014, 
Adhikari et al. 2017). For example, using genome data, Hunley and Healy (2011) identified a 
general trend of high levels of European admixture among Native North Americans and by 
contrast much lower levels of European admixture in South America. 
Using ancient DNA gives researchers a glimpse of DNA variation among Indigenous 
populations before European contact and makes it possible to quantify the genetic effects of 
colonization when paired with the study of present-day, related groups. For example, in a large 
study of mitochondrial genomes (mitogenomes), mostly from South America, Llamas et al 
(2016) found no ancient mitogenomes shared with present-day individuals and inferred that there 
was a reduction in female effective population size after European contact, resulting in lower 
genetic diversity among Indigenous populations. The introduction of novel pathogens, warfare, 
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and stress likely contributed to the massive population decline of Indigenous peoples following 
European contact (Thornton 1987, 1997, Patterson and Runge 2002, Cameron et al. 2015).   
Mitochondrial DNA is used in numerous studies of ancient and present-day populations 
to infer population history. This maternally inherited DNA is present in high copy number 
(roughly a mtDNA:nuclear ratio of 1000:1) in each cell and is more likely to survive intact in 
ancient remains (Hagelberg et al. 1989, Wallace 1994, Hagelberg 1997, Kaestle and Horsburgh 
2002). In addition, the mitogenome does not recombine and thus can reveal information of 
maternal history (Giles 1980, Schurr et al. 1990, Merriwether et al. 1991). However, due to this 
genome’s smaller effective population size relative to the nuclear genome, it is more strongly 
influenced by population history events, such as bottlenecks, that result in changes in population 
size (Giles et al. 1980, Harpending et al. 1993).  
Mitochondrial DNA is classified into haplogroups, sometimes called mtDNA lineages, 
and the haplogroups present in the Americas are A, B, C, D, and X (Schurr et al. 1990, Torroni et 
al. 1992, Starikovskaya et al. 2005). Subhaplogroups A2, B2, C1b, C1c, C1d, C4c, D1, D2, X2a, 
and X2g are found in the Americas (Torroni et al. 1993, Bandelt et al. 2003, Tamm et al. 2007, 
Achilli et al. 2008, Fagundes et al. 2008). Often determining these subhaplogroups requires the 
whole mitogenome, however the first hypervariable segment (HVSI) of the mitogenome can 
usually provide a haplogroup. Haplogroup A is found in high frequencies throughout North 
America in present-day populations with B, C, D, and X generally having smaller percentages. 
The northern Northwest Coast area follows a similar trend for present-day populations, however, 
most of the ancient individuals have been determined as haplogroup B2, C1b, or D4h3a (Kemp 





 The PRH region, located in BC, Canada contains well over 20 archaeological sites where 
over 270 individuals have been unearthed (Suttles 1990, Cybulski 2001). The unearthed skeletal 
remains of 39 ancient individuals were assessed by researchers at the Canadian Museum of 
History using a radiocarbon (14C) isotope method (unpublished, MacDonald 1969, Lindo et al. 
2016). This information, in combination with information about in which layer these individuals 
were, allow us to estimate that all ancient individuals are between 500-6,000 years old (with a 
majority between 1,000-3,000 years). Cedar baskets with square checkered bases provide 
evidence for continual Tsimshian presence in coastal BC (Croes 1989, Cybulski 2001) as do 
similarities in housing structures from 5,000 years ago to historic times (Archer 2011, Cui et al. 
2013). The PRH sites offer a chance to make a direct comparison with related people, the 
present-day Coast Tsimshian individuals from the Lax Kw’alaams and Metlakatla First Nations 
(Cui et al. 2013, Lindo et al. 2016).  
Archeologists have referred to this area as the “North Coast Interaction Sphere” 
(MacDonald 1969, Fladmark 1975, Fladmark et al. 1990, Cybulski 2001) because it appears that 
the neighboring groups, such as the Tsimshian and Haida, began interacting and exchanging 
goods and ideas approximately 3,000-2,500 BP (MacDonald 1969, Baugh and Ericson 1994, 
Cybulski 2001, Cybulski 2013). There is also evidence that the Tsimshian, Tlingit, and Haida 
groups intermarried, and engaged in warfare (Suttles 1990). 
The colonial history of the Coast Tsimshian was influenced by a lay missionary, William 
Duncan, who came to the community of Lax Kw’alaams in 1857 (Beynon 1941). By 1862, 
smallpox had killed 80% of the total population in Lax Kw’alaams (Lax Kw’alaams Band 2015). 
During this time, around 350 people from Lax Kw’alaams relocated with Duncan to the 
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Metlakatla community in BC, which had been mostly used as winter village for different groups 
(Fladmark 1990, Cybulski 2001).  
Genetic studies of Northwest North America have recently focused on the impacts of 
European colonization, including populations from the Northwest Coast. A genetic link between 
ancient and present-day individuals was identified using mitogenomes from ancient individuals 
who lived between 5,000 and 2,500 years before present that shared closely related or the same 
rare mitogenome as present-day Coast Tsimshian individuals (Cui et al. 2013). Although this 
study analyzed only four ancient and three living individuals, the results indicated a genetic link. 
This genetic link was extended beyond the direct maternal line when Lindo et al (2016, 2017) 
identified close genetic affinities between the ancient PRH individuals and present-day Coast 
Tsimshian using genome-wide data. Lindo et al (2016) also identified a 57% reduction in 
effective population size of BC Tsimshian compared to their ancestors. Interestingly, multiple 
studies of populations on the Pacific Coast and in the interior of BC, show little gene flow 
between these groups over time (Malhi et al. 2004, Eshleman et al. 2004, Verdu et al. 2014, 
Hughes et al. 2016).  
The PRH sites collectively exhibit a large sample size that spans a wide time range and 
have excellent preservation of remains that can be directly compared to present-day descendants 
(from Hughes et al. 2016). I aim to expand on previous studies by increasing the number of 
ancient individuals analyzed for mtDNA from different archaeological sites. This allows for 
empirical observation of mtDNA variation of multiple ancient sites, as well as learning of the 
demographic events associated with European colonization and how they may have influenced 






 Ancient individuals were unearthed by archaeologists from around the start of the 20th 
century and are still being unearthed today (Smith 1909, MacDonald and Inglis 1981, Cybulski 
2001). Figure 2.1 is a map of the sampling locations, which was modified from Coupland et al. 
2010. These sites range in age from 5,670 years ago to 500 years before present (Cybulski 2001). 
This study analyzed 61 individuals from nine PRH archaeological sites. Teeth samples of ancient 
individuals were brought to the University of Illinois at Urbana-Champaign (UIUC) in 2009 and 
stored in a dedicated ancient DNA facility. The teeth used for analysis in this study consisted of 
approximately 12% first molars, 24% second molars, 48% third molars, 7% loose molars, 2% 
premolars, and 7% unclassified. All individuals are listed in Supplemental Table 2.1 showing the 
archaeological site or present-day location and radiocarbon age (if known). 
 DNA was extracted from tooth samples using established protocols for destructive 
analysis of teeth in a dedicated clean room facility at UIUC (Cui et al. 2013). Ten to twenty 
minutes of UV light were used to sterilize the inside of tips, tubes, and some reagents. In a slight 
modification of Cui et al. 2013, teeth were soaked in bleach (6% sodium hypochlorite) for three 
minutes with agitation, followed by three rinses with DNA-free molecular biology grade water 
(Lindo et al. 2016 demonstrated low contamination levels for samples). The contents of the 
Amicon Ultra 30K filter tubes were centrifuged to a volume of 250 µL of sample concentrate 
(instead of 100ul as in Cui et al. 2013).  
After purified and inhibitor free DNA samples were obtained, some samples were tested 
with Restriction Fragment Length Polymorphism (RFLP) analysis as in Malhi et al (2007). Next, 
multiple methods were used to obtain DNA sequences of the HVSI region of the mitogenome 
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(Supplemental Table 2.1). For 21 samples, polymerase chain reaction (PCR) was used for both 
mtDNA sequencing. After amplification, Sanger sequencing (Sanger et al. 1977), in which an 
ABI 3730xl DNA analyzer was used following a BigDye® Terminator step to sequence the 
HVS1 of mtDNA. The primers for Sanger sequencing came from published literature (Kemp et 
al. 2006). This procedure followed established protocols with PCR and gel electrophoresis, 
followed by an overnight digestion using an enzyme, and another gel (Lorenz and Smith 1996, 
Malhi and Smith 2002, Malhi et al. 2007). Two control samples were used in each PCR and were 
run on each gel; one that was confirmed as the haplogroup being tested, and one that was 
confirmed as another haplogroup.  
Some ancient DNA extractions were sequenced for the HVS1 region of mtDNA on the 
Illumina MiSeq using a dual index approach that was adapted for ancient DNA from an 
established protocol (Kozich et al. 2013) and is similar to Peck et al (2016). Supplemental Table 
2.3 lists the primers used to amplify the HVS1 region (Kemp et al. 2006, Raff et al. 2010). 
Modifications to the protocol included the use of M13 primers from Schuelke et al. 2000 in the 
first round of PCR with 40 cycles and Platinum™ Taq DNA polymerase. A polyacrylamide gel 
was used to check for the presence of a PCR product before doing a Qiagen PCR purification 
step. Next, the barcoded Illumina adapters were added with 8-12 cycles of PCR and Phusion® 
DNA polymerase using unique pairings of barcodes. An Invitrogen E-gel® was used to check for 
PCR products before another Qiagen PCR purification step was performed. The samples were 
assessed with a Qubit™ Fluorometer, and highly concentrated samples were pooled and taken to 
the Roy J. Carver Biotechnology Center at UIUC for running on the Illumina MiSeq.  
The final method of sequencing used DNA libraries to shotgun sequence the mitogenome 
using an Illumina HiSeq 2000. DNA libraries were made with the TruSeq DNA Sample 
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Preparation V2 using established protocols with the modifications described in Cui et al (2013) 
or with NEB Ultra Illumina Library Kit (New England Biolabs, Inc (NEB)). Cleanup of adaptor-
ligated DNA was done two different ways; using AMPure XP beads and a Qiagen MinElute 
Purification kit. Libraries were amplified using NEBNext High Fidelity 2x PCR mastermix and 
twelve cycles before cleanup with a Qiagen MinElute PCR Clean-up kit. For the Qiagen kit, the 
factory protocol was followed. Libraries were run on a polyacrylamide gel and run on an Agilent 
2100 Bioanalyzer at the Functional Genomics Unit in the Carver Biotechnology Center at the 
UIUC. The bioinformatics pipeline was completed following Cui et al (2013). For individuals 
where the mitogenome was sequenced, only the HVSI region was pulled and analyzed to 
maximize the number of ancient individuals in this study. 
In all sequencing methods, the sequences were read with either Sequencher version 5.1 or 
Geneious version 7.1.5 (Gene Codes Corporation, http://www.geneious.com, Kearse et al. 2012). 
Haplogroup assignments were made using Phylotree.org tree Build 17 from February 18, 2006 
(van Oven and Kayser 2009).   
 
Present-day community members 
Family history and HVS1 data from the present-day coastal communities of Lax 
Kw’alaams (N=18), Laxgalts’ap (N=20), and Metlakatla (N=15), and the interior BC 
communities of Splatsin (N=17) and Stswecem’c (N=31) were collected for an IRB approved 
study. All procedures for data collection and sequence analysis were described in Hughes et al 
(2016). Maternal relatives were excluded from analyses as were individuals whose maternal 
ancestry was not Indigenous to the Americas. By excluding maternal relatives, I minimized 
multiple representations of the same matriline in these communities. By excluding mtDNAs that 
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were likely a result of recent non-Indigenous admixture, I could focus the study on changes in 
frequency and distribution of Indigenous mtDNAs in this geographic region. Individuals listed as 
Other Tsimshian are current community members whose maternal ancestry traces back to 
Tsimshian communities outside of Lax Kw’alaams and Metlakatla. These Tsimshian people are 
present in tables and figures where they are individually listed, but were taken out of the 
population analyses since they represent variation from numerous communities and will be 
labeled as Other Tsimshian (N=8). 
 
Analysis  
 Two maps of the sampling locations were made; the first, Figure 2.1, is a modified 
version of Coupland et al (2010) with all the archaeological sites added to the map with 
Microsoft Powerpoint 2013, and the second, Figure 2.2, was made in the program Population 
Analysis with Reticulate Trees (PopArt) (Leigh and Bryant 2015, 
http://popart.otago.ac.nz/index.shtml). A nexus file was created for PopArt with one individual 
from each population and the approximate GPS coordinates were put in the Traits block. The 
program Inkscape 0.91 was used to add population labels (www.inkscape.org).  
Fasta files of sequences were generated for all individuals. Sequencing data from 
comparative Native American individuals was gathered as listed in Table 2.1 (Shields et al. 
1993, Ward et al. 1993, Lorenz and Smith 1996, Kaestle 1998, Smith et al. 1999, Malhi et al. 
2001, Malhi et al. 2003, Johnson and Lorenz 2006, Kemp et al. 2010, Schurr et al. 2012, Hughes 
et al. 2016). Haplogroup assignments for the present-day individuals were completed using the 
same method as with the ancient PRH data described above. 
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BioEdit© was used to align sequences using a ClustalW Multiple alignment using the default 
settings (Thompson et al. 1994, Hall 1999). Network diagrams were made from 292 base pairs of 
HVS1 mtDNA data using equally weighted parameters and epsilon equal to 0 using PopArt 
(Leigh and Bryant 2015). A network of all interior and coastal mtDNA haplotypes coded by 
population was also made in PopArt. Haplogroups and labels were added in Inkscape 0.91 
(www.inkscape.org). 
 RStudio® version 3.1.3 was used to make Figure 2.4 and Figure 2.6 using the ggplot 
package (RStudio® 2015, Wickham 2009). Each haplotype was assigned a number shown in 
Supplemental Table 2.2 and haplotype numbers were taken from Table 2.1 and loaded into 
RStudio® to create Figure 2.4. Frequencies were calculated by hand from Table 2.1 and loaded 
into RStudio® to create Figure 2.6.  
 GenAlEx 6.501 was used to make Principal Coordinates Analysis (PCoA) plots by 
creating a pairwise mean haploid genetic distance matrix by population, followed by a PCoA 
analysis on the square matrix (Peakall and Smouse 2006, 2012).  
 DnaSp version 5.10.01 was used to convert files from fasta to Arlequin format (Rozas 
and Rozas 1995, 1997, 1999). Arlequin version 3.5.2.2 (Excoffier and Lischer 2010) was used to 
calculate measures of genetic diversity such as mean number of pairwise differences (MPD) and 
ThetaS (θS) (Schneider et al. 1997). DnaSP was used to calculate haplotype diversity (h) (Nei 
1987) and nucleotide diversity (π) (Nei et al. 1979). DnaSP and Arlequin nucleotide diversities 
were compared as a double check and produced similar results. AMOVA analyses were 
completed in Arlequin version 3.5.2.1 first by comparing the ancient and present-day coastal 
groups to each other, and second by comparing PRH to the present-day BC interior groups 




Haplogroup A prevalence 
 This study presents HVS1 mtDNA data from the ancient PRH population (Supplemental 
Table 2.2). The haplogroup frequencies of ancient PRH show that the population is composed 
mostly of individuals with haplogroup A (subhaplogroup A2), which is one of the Indigenous 
haplogroups (Figure 2.6). The frequencies of haplogroup A are equal to or higher than any other 
haplogroup for all PRH sites (Table 2.1). The high prevalence of haplogroup A is also found in 
all of the present-day coastal BC people and other groups of individuals in comparative 
populations along the Pacific Coast (Malhi et al. 2004, Eshleman et al. 2004). This is one of the 
first large data sets from the Pacific Coast of North America to demonstrate that haplogroup A 
was present in high frequencies prior to European contact and likely over the past 5000 years.  
 
Ancient, present-day coastal, and interior results 
In comparing these HVS1 mtDNA sequence data from the PRH population to present-
day coastal and interior BC populations, I find that some sequences match, therefore, haplotype 
numbers were assigned across groups (Supplemental Table 2.2). Six haplotypes are shared 
between ancient and present-day individuals suggesting shared ancestry (Figure 2.3, Figure 2.4). 
These are haplotypes #1, 2, 4, 5, 13, and 40. Haplotypes #1, 2, and 4 are common haplotypes 
present in many ancient and present-day individuals in the Americas (Torroni et al. 1993, Forster 
et al. 1996, Tamm et al. 2007, Achilli et al. 2008), including the interior BC groups in this study. 
Haplotype #5 is found at two ancient sites (Dodge Island and Lucy Island) and in the Lax 
Kw’alaams First Nation. Haplotype #13 is found in one ancient site (Wil’yaga łoo) and in the 
other Tsimshian group and the Stswecem'c First Nation. Haplotype #40 is found in one ancient 
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site (Boardwalk) and the Metlakatla First Nation. The ancient PRH group has twenty different 
haplotypes for the 61 individuals, five of which share haplotypes across sites. The present-day 
coastal population has eleven haplotypes for 53 individuals (without Other Tsimshian group), 
some of which are only found in the present-day coastal people. The present-day interior groups 
have the greatest number of haplotypes with 22 in 49 individuals, eighteen of those are only 
found in interior BC individuals. Coastal and interior people share only four haplotypes (#1, 2, 4, 
and 13) and interior people have eighteen haplotypes that are not found in either the ancient or 
the present-day coastal populations.  
Some haplotypes are unique to either the ancient or present-day people: #3, 6-10, 18, 30-
33, and 37-9 are ancient only, #11-12, 16-17, 19, 21, and 42 are present-day coastal only, and 
#14-15, 20, 22-29, 34-36, 41, 43-44 are interior only haplotypes (Figure 2.4 and Supplemental 
Table 2.2). Therefore, 31.8% of the haplotypes in this study are unique to ancient individuals, 
15.9% unique to present-day coastal, and 38.6% unique to present-day interior groups. The other 
13.6% are the haplotypes that are shared between the ancient and a present-day group.  
 
Lax Kw’alaams, Metlakatla, Laxgalts’ap, and PRH comparison 
The PCoA plot for all the published data and the BC groups show that the ancient PRH 
people are most similar to the Laxgalts’ap and Lax Kw’alaams groups from this study (Figure 
2.5). The PRH population also appears to be similar to nearby Haida and Tlingit as well as 
Dogrib and Chipewyan groups from previous studies. Ancient PRH individuals share three 
haplotypes (#1, 2, and 40) with Metlakatla and four (#1, 2, 4, and 5) with Lax Kw’alaams, and 
two haplotypes with Laxgalts’ap (#1, 2) (Supplemental Figure 1). For comparison, PRH shares 
four haplotypes with the Bella Coola, Nuu-Chah-Nulth, and the Haida, including haplotypes #1 
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and 2. Ancient PRH is genetically more similar to Lax Kw’alaams than to Metlakatla (Figure 
2.5). Metlakatla has some haplogroup C individuals and more haplogroup X individuals than in 
PRH, likely increasing the genetic distance (Figure 2.6).  
 
Genetic Diversity 
PRH has almost twice the amount of nucleotide diversity as the Lax Kw’alaams (Table 
2.2). Laxgalts’ap has roughly 75% of the nucleotide diversity of PRH. However, the Metlakatla 
has about twice as much nucleotide diversity as the PRH group. PRH has slightly greater 
haplotype diversity than all three present-day BC coastal groups. ThetaS values are about the 
same for PRH and Metlakatla, but PRH has thetaS values twice that of the Laxgalts’ap and 
almost four times of the Lax Kw’alaams.  
The results of intra-population analyses, including haplotype diversity, thetaS (θS), mean 
number of pairwise differences (MPD), and nucleotide diversity (π) show that PRH has greater π 
than the Dogrib, Chipewyan, and Haida Gwaii. PRH has greater haplotype diversity than the 
Chipewyan, Dogrib, Haida Gwaii, Jemez, and Tlingit (Table 2.2). Haplotype diversity for most 
populations ranges from 0.668 in the Haida Gwaii to 0.981 in the Sisseton/Wahpeton. Two 
populations fall outside of this range; the Chipewyan with a haplotype diversity of only 0.1462 
and the Dogrib at 0.4191. The Chipewyan and the Dogrib only have individuals who belong to 
haplogroup A, explaining the low haplotype diversity in these groups. The diversity of 
haplotypes in the PRH population is similar to the present-day BC populations. The interior 
populations of the Stswecem’c and Splatsin have higher haplotype diversity than any of the 
coastal populations.  
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 The AMOVA results from the BC ancient and present-day coastal groups indicate that 
much of the variation comes from within populations (Table 2.3). The PRH and present-day 
interior BC groups also show within population variation, but less than the coastal population. 
The Fst is 0.03641 for the ancient PRH and present-day BC coastal groups in this study. The Fst 
for PRH and the BC interior populations is 0.08391, indicating less genetic relatedness between 
these populations than the ancient and present-day coastal population.  
The genomic libraries sequenced for this study show typical damage patterns (Pääbo et 
al. 1989, Brotherton et al. 2007) associated with ancient DNA on a DNA damage plot, 
supporting results found in other damage plots in Lindo et al (2016, 2017) (Supplemental Figure 
2.2).  
As expected, almost all individuals cluster with others with the same haplogroup in the 
network analysis (Figure 2.3). One individual that has been determined to belong to haplogroup 
D based on RFLP analysis, is closer to the B/X branch. C and D individuals group together as 
expected since both of these haplogroups come from the larger M branch. Due to the network 
being made with HVS1 sequences from 16069-16362, some haplotypes in the network are 
represented in the same circle as some mutations were outside the range that was used to make 
the network, but do have different sequences (Figure 2.3, Supplemental Table 2.2). For example, 
two haplotypes, #8 and #18, appear to have the same haplotype on the network, however they 
differ at position 16363 which is not used in making the network. 
Baldwin, Boardwalk, Lachane, and Wil’yaga łoo sites have many haplotypes shared 
between individuals, and usually the number of individuals (N) is approximately twice the 
number of haplotypes (Figure 2.4 and Supplemental Figure 2.3). Conversely, the Dodge Island, 
Garden Island, Lucy Island (also known as Lax Spinna), Metlakatla, and Parizeau Point sites 
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have the same number of individuals as haplotypes. This is most likely due to sampling size as 
the sites with more individuals having repeated haplotypes. Haplotypes #1-5 are shared across at 
least two ancient sites (Figure 4). Haplogroup compositions for each ancient site show that only 




 Due to the exceptional quality of preservation found in the PRH archaeological sites, 
recovery of ancient DNA has resulted in sequence data from 61 individuals, some of the first 
from a Northwest coast population, and a larger sample size than most other ancient populations. 
This is one of the first ancient data sets from this geographic region to demonstrate a high 
frequency of mtDNA haplogroup A, which is present in high frequencies in present-day 
populations, but mostly ancient populations have a high frequency of haplogroup D, 
demonstrating the importance of using ancient DNA to look at past DNA variation.  
 Having more haplotypes present in the ancient than the present-day coastal Tsimshian 
could indicate that some have been lost over time, either due to random genetic drift or as a 
result of a population collapse after European contact (Szathmary 1993, Shook and Smith 2008, 
Lindo et al. 2016). However, the effects of genetic drift may be difficult to see in this population 
since it has had contact with other populations (Persson 1968). There are some haplotypes in the 
present-day coastal people that are not in the ancient and this could be due to several factors; (1) 
that the present-day population had an influx of other Indigenous individuals that brought new 
haplotypes to the area, (2) the haplotypes from the present-day populations have not yet been 
sampled from the ancient population even though it existed in the ancient population, (3) new 
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mutations have arisen. There are more individuals in the ancient population yet to be studied so 
perhaps additional haplotypes will be identified.  
Most of the haplotype and nucleotide diversity measures indicate a reduction in genetic 
diversity and depending on the present-day population, some have more of a reduction than 
others. The Lax Kw'alaams and Laxgalts'ap have less diversity than the PRH population, which 
likely indicates a population collapse after European contact. This appears to be consistent with 
the nuclear data from Lindo et al (2016) that found a 57% reduction in effective population size. 
Depending on what diversity measure is used, the Metlakatla individuals show greater or less 
diversity than the PRH individuals. The Metlakatla population has more people with haplogroup 
C and X than other present-day coastal populations. It is possible that a few individuals with 
haplogroups C and X migrated into the community when William Duncan moved with people 
from Lax Kw’alaams to Metlakatla. People with haplogroup C and X could also have already 
been present in the community before Duncan and people from Lax Kw’alaams arrived. Some 
diversity present in the ancient population might be concealed since this analysis is limited to the 
individuals who were buried, well-preserved, and by the number of descendants in this study.    
Approximately 350 people from Lax Kw’alaams moved to Metlakatla with Duncan 
around the time of the smallpox epidemic (Fladmark 1990, Cybulski 2001). Since the only two 
haplotypes, #1 and 2, shared between these groups are commonly found in many populations in 
the Americas, this information alone may not be sufficient to demonstrate gene flow between the 
Lax Kw’alaams and Metlakatla but it is possible, especially with the oral histories indicating the 
movement. In 1887, the BC Metlakatla population was further subdivided when around 800 
members moved to Metlakatla, Alaska with Duncan, perhaps moving some haplotypes that 
would otherwise have been found in Lax Kw’alaams (Beynon 1941).  
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Ancient Tsimshian ancestors 
Through biological, archaeological, and historical information, it is likely that the 
present-day Lax Kw’alaams and Metlakatla are likely the descendants of the PRH people. 
Additionally, as is known from oral histories (Cybulski 2001), the people in this study have been 
living in the area for a long time and a subset moved to their present location around the time of 
a smallpox epidemic in 1862 (Lax Kw’alaams Band 2015, Lindo et al. 2016). These mtDNA 
sequence data generated in this study complement these findings and indicate that the ancient 
PRH and present-day Lax Kw’alaams and Metlakatla populations are related. Since some of 
these haplotypes are commonly found in populations Indigenous to the Americas and are 
widespread in many of the comparative populations, the rarer haplotypes are important to focus 
on to infer local history. Additionally, some of the ancient individuals have only one or two 
mutations that differentiate them from a present-day coastal rare haplotype, so even though the 
ancient haplotype is unique, it is still potentially informative. The common haplotypes #1, 2, and 
4 are likely founding types from when Indigenous individuals peopled the Americas (Torroni et 
al. 1993, Forster et al. 1996, Tamm et al. 2007, Achilli et al. 2008). The PRH individuals are 
dated back to at least 6,000 years and combined with genetic analysis of an ancient individual 
from Alaska, genetic continuity has been identified for the last 10,000 years (Lindo et al. 2017). 
The PCoA analysis shows that the PRH group, the Coast Tsimshian, and other Northwest coast 
groups cluster together and are different from interior populations in BC and throughout the 
Americas. The haplogroup composition of the populations in the contiguous United States 
include less haplogroup A and more B, C, and D individuals. The haplogroup composition of 
each population indicates that the most similar populations to the PRH population are the coastal 
populations in BC. A previous mitogenome study reported that an ancient and a present-day 
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coastal British Columbian individual had the same mtDNA haplotype, PRH-152 and Tsimshian 
18 are both A2ag types and only three mutations away from PRH-938. PRH-160a and 
Laxgalts'ap’s B009 differ by just one mutation (Cui et al. 2013). This present study, along with 
Cui et al (2013), suggests that the present-day Coast Tsimshian are the likely descendants of the 
PRH group. The combination of archaeological, biological, molecular, and traditional knowledge 
is a robust way to indicate shared ancestry between the Coast Tsimshian and ancient PRH. 
I can also infer relatedness based on the geographic proximity of the ancient and present-
day coastal groups compared to the interior groups. There are 23 haplotypes that are found only 
in a coastal group, seventeen found only in the interior group, and four haplotypes are shared 
between the coastal and interior groups (#1, 2, 4, and 13). Verdu et al (2014) reported that the 
present-day coastal and interior people might have shared a recent common ancestor, supporting 
previous morphological work (Cybulski 2010, Auerbach 2012). Haplogroup frequencies between 
coastal and present-day interior groups are also different, supporting what other studies have 
found in Western North America (Malhi et al. 2004, Eshleman et al. 2004). Further evidence that 
the coastal and interior groups are relatively genetically distant are the PCoA analysis and the 
AMOVA results that show there is more distance between the ancient PRH group and the 
interior than the ancient and present-day coastal groups. The Fst calculations indicate that the 
ancient coastal and present-day coastal populations are more genetically similar than the ancient 
coastal compared to the present-day interior.  
As with other studies, the analysis of haplotypes provides more information than the 
analysis of haplogroups (Bolnick et al. 2006, Fernández et al. 2014). For two of the ancient sites, 
Dodge Island and Garden Island, all individuals are haplogroup A, however every individual has 
a different haplotype. For one of the comparative data populations, the Chipewyan, all 40 
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individuals are haplogroup A, but in those, there are only five different HVS1 haplotypes. These 
additional data are useful when available and provide a clearer understanding of the population 
composition, by unveiling haplotypes in the population that were previously unknown. 
 The ancient PRH individuals are closely related to the Laxgalts’ap, Lax Kw’alaams, and 
Metlakatla First Nations, and from the results of this study, it is also clear that the Haida, Dogrib, 
and Tlingit are genetically very similar populations. Tsimshian, Haida, and Tlingit groups have 
been speculated to be related, based on the similarities in their languages (Drucker 1955), but 
few studies have found genetic similarity before now, likely due to being understudied (Schurr et 
al. 2012, Hughes et al. 2016). Intermarriage and gene flow, along with haplogroup composition, 
likely explain the similarities identified in this study (MacDonald 1969, Fladmark 1975, 
Cybulski 2013).  
The results from this study complement previous studies of nuclear DNA of ancient and 
present-day populations of the Northern Northwest Coast (Lindo et al. 2016, 2017). It is 
important to note that the HVS1 region of mtDNA only provides limited information of maternal 
history that can sometimes be complicated by recurrent mutations (Malhi et al. 2002). 
 It would also be useful to expand on mitogenome data from both the ancient and present-
day individuals for assessing genetic diversity changes and estimating population size over time, 
as mitogenomes provide more information and is less affected by recurrent mutations. It would 
also be beneficial to examine the Y-chromosome to examine the paternal history. 
 
Conclusions 
 Using mtDNA data, I show that the ancient people of PRH are genetically similar and 
likely the ancestors of the present-day Coast Tsimshian. These mtDNA data and results 
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complement the archaeological and oral history information of an ancestor-descendant 
relationship among the ancient individuals of PRH and present-day Coast Tsimshian providing a 
rare opportunity to have multiple lines of evidence supporting one hypothesis. The effects of 
European colonization are shown by the haplotype analysis, such as the haplotypes that are not 
shared before and after European colonization occurred, and by measures of genetic diversity 
indicating reductions in most coastal present-day groups. However, haplotype analysis of the 
Metlakatla indicates that gene flow from additional Indigenous groups following the separation 
from the Lax Kw’alaams may have contributed to the increased genetic diversity seen in this 
group. The large number of ancient haplotypes analyzed in this study contributes to a more fine-





























FIGURES AND TABLES 
 
Figure 2.1- Map of the ancient Prince Rupert Harbour sites. Modified from Coupland et al 

















Figure 2.2- Map of the comparative populations color code: White=ancient, Light Gray= coastal, 



















Figure 2.3- Network of all haplotypes in BC from mtDNA data aligned from 16069-16362 base 




















Figure 2.4- Mitochondrial haplotypes in ancient and present-day sites (interior and coastal). 
Sample sizes are indicated for each site. Haplotypes that are shared between an ancient and 









































































Principal Coordinates Analysis Plot
43 
 
Figure 2.6- Population information graph of haplogroup frequency composition based on Malhi 
et al (2004) graph. The X-axis lists the PRH population first, followed by those closest in 

















Supplemental Figure 2.1- Network of A-D, X present-day (coastal and interior) and ancient PRH 








Supplemental Figure 2.2- DNA damage plot of one individual, PRH-457 showing C to T 
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Table 2.1- Table of all samples used in this analysis, their location, sample size (N), age, 
haplogroup frequency, number of haplotypes and the data source. *= Other Tsimshian 
individuals whose maternal lines were not from Lax Kw’alaams, Metlakatla, or Laxgalts’ap but 
other Tsimshian-speaking communities.  
 
Population Location N Age range (years) Hg A Hg B Hg C Hg D Hg X # Hts Reference 
Ancient Baldwin 9 1270-2960 1 0 0 0 0 5 This study 
 Boardwalk 15 800-2600 0.8 0 0 0.133 0.066 7 This study 
 Wil’yaga łoo 11 ~1500 0.909 0 0 0.091 0 4 This study 
 Dodge Island 4 2060-4860 1 0 0 0 0 4 This study 
 Garden Island 5 1975-2180 1 0 0 0 0 5 This study 
 Lachane 11 960-2060 0.818 0 0 0.091 0.091 6 This study 
 Lucy Island 2 5670 0.5 0 0 0.5 0 2 This study 
 Metlakatla 1 1620 1 0 0 0 0 1 This study 
 Parizeau Point 3 1000-1070 0.667 0 0 0.333 0 3 This study 
 Total 61 800-5670 0.869 0 0 0.098 0.033 20 This study 
Present-
day BC 
Laxgalts'ap 20 present-day 0.95 0 0 0 0.05 6 Hughes et al. 2016 
 Lax Kw’alaams 18 present-day 1 0 0 0 0 5 Hughes et al. 2016 
 Metlakatla 15 present-day 0.533 0 0.133 0 0.333 5 Hughes et al. 2016 
 Other Tsimshian* 8 present-day 0.625 0.125 0 0 0.25 7 This study 
 Stswecem'c 31 present-day 0.355 0.032 0.322 0.258 0.032 14 Hughes et al. 2016 
 Splatsin 17 present-day 0.166 0.056 0.333 0.333 0.111 11 Hughes et al. 2016 
Present-
day 
Akimel O'odham 56 present-day 0.036 0.5 0.339 0.018 0.107 25 
Malhi et al. 2003, 
Kemp et al. 2010 
 Bella Coola 40 present-day 0.675 0.05 0.075 0.25 0 11 Ward et al. 1993 
 Chipewyan 40 present-day 1 0 0 0 0 5 Hughes et al. 2016 
 Chumash 13 present-day 0.769 0 0.077 0.154 0 10 
Johnson and Lorenz 
2006 
 Cree 26 present-day 0.462 0 0.385 0.038 0.115 15 Hughes et al. 2016 
 Dogrib 17 present-day 1 0 0 0 0 3 
Lorenz and Smith 
1996 & Hughes et al. 
2016 
 Haida Gwaii 40 present-day 0.875 0 0.075 0.05 0 9 Ward et al. 1993 
 Jemez 67 present-day 0 0.836 0.0448 0 0.119 15 
Malhi et al. 2003, 
Kemp et al. 2010 
 Northern Paiute 15 present-day 0 0.267 0.267 0.4 0.067 8 Kaestle 1998 
 Nuu-Chah-Nulth 61 present-day 0.459 0.033 0.197 0.197 0.114 12 Ward et al. 1993 
 Sisseton/Wahpeton 15 present-day 0.533 0.133 0.266 0 0.0714 13 
Lorenz and Smith 
1996, Smith et al. 
1999, Malhi et al. 
2001 
 Tlingit 58 present-day 0.948 0 0.017 0.034 0 10 Schurr et al. 2012 
 Yakama 14 present-day 0.143 0.5 0.214 0.143 0 12 Shields et al. 1993 
 Zuni 36 present-day 0.167 0.778 0.0556 0 0 15 
Malhi et al. 2003, 





Table 2.2- Population numbers, references, and statistical measures calculated from both 
Arlequin 3.5.2.2 and DNAsp (denoted *). 
 
Population Location N 
Mean number of 
pairwise differences Theta_S Pi* 
 Haplotype 
diversity, Hd*  
Reference 
Ancient PRH 61 2.612022 +/- 1.416512 4.91467 0.00838 0.84645 This study 
Present-day 
BC 
Laxgalts'ap 20 1.326797 +/- 0.864845 2.53683 0.00632 0.83684 Hughes et al. 2016 
 Lax Kw’alaams 18 5.695238 +/- 2.891438 1.45368 0.00459 0.79085 Hughes et al. 2016 
 Metlakatla 15 2.026316 +/- 1.188592 4.61317 0.01641 0.79048 Hughes et al. 2016 
 Stswecem'c 31 4.897059 +/- 2.509985 5.00627 0.01524 0.87312 Hughes et al. 2016 
 Splatsin 17 4.653763 +/- 2.344550 5.62009 0.01613 0.91176 Hughes et al. 2016 
Present-day Akimel O'odham 56 0.911765 +/- 0.663746 7.40158 0.01904 0.93701 Kemp et al. 2010 
 Bella Coola 40 0.250000 +/- 0.287828 4.46686 0.0140 0.90385 Ward et al. 1993 
 Chipewyan 40 5.147692 +/- 2.576762 1.17549 0.00087 0.14615 Hughes et al. 2016 
 Chumash 13 2.097436 +/- 1.195804 5.15595 0.01295 0.92308 Johnson and Lorenz 2006 
 Cree 26 4.143590 +/- 2.105452 5.24115 0.01708 0.94154 Hughes et al. 2016 
 Dogrib 17 4.841530 +/- 2.395049 0.88738 0.00315 0.41912 
Lorenz and Smith 1996 & 
Hughes et al. 2016 
 Haida Gwaii 40 5.989011 +/- 3.038270 3.05628 0.00726 0.66795 Ward et al. 1993 
 Jemez 67 5.314286 +/- 2.717920 5.23623 0.01084 0.74310 
Malhi et al. 2003, Kemp et 
al. 2010 
 Northern Paiute 15 4.128205 +/- 2.196591 5.22826 0.01549 0.89524 Kaestle 1998 
 Nuu-Chah-Nulth 61 2.955233 +/- 1.569452 5.34203 0.01610 0.94481 Ward et al. 1993 
 Sisseton/Wahpeton 15 6.133333 +/- 3.090814 7.68861 0.01977 0.98095 Bolnick et al. 2006 
 Tlingit 58 6.661039 +/- 3.190919 4.10455 0.00930 0.77616 Schurr et al. 2012 
 Yakama 14 3.718679 +/- 1.901770 6.60350 0.01901 0.96703 Shields et al. 1993 





















Table 2.3- AMOVA tables from Arlequin based on BC ancient coastal and BC present-day 
coastal and BC ancient coastal and BC present-day interior. 
 
 
AMOVA table based on BC ancient coastal and BC present-day 
coastal.  







Among groups 1 1.197 0.00117 Va 0.27 
Among populations within groups 1 0.82 0.01478 Vb 3.37 
Within populations 119 50.246 0.42223 Vc 96.36 
Total 121 52.262 0.43819  




0.03641 FCT: 0.00267 
     
AMOVA table based on BC ancient coastal and BC present-day 
interior.  







Among groups 1 2.14 0.00399 Va 0.84 
Among populations within groups 1 1.226 0.03596 Vb 7.55 
Within populations 106 46.23 0.43613 Vc 91.61 
Total 108 49.596 0.47608   



























Supplemental Table 2.1- Table of ancient individuals, location, age (calibrated), haplotype, and 
sequencing method. A star (*) indicates the sample was reamplified.  
 
Individual Ht# Location Age BP1 mtDNA Hg Seq Method RFLP result 
152 5 Dodge Island 2540 A2ag Hiseq   
160a 3 Dodge Island 4860 A2aq Hiseq, Miseq A 
163 1 Dodge Island   A2 Miseq*   
166 6 Dodge Island 2060 A2 Hiseq   
177 9 Garden Island   A2 Miseq A 
178 4 Garden Island 2180 A2 Hiseq, Miseq   
196 2 Garden Island 1870 A2 Sanger   
198 10 Garden Island   A2a Miseq A 
199 1 Garden Island 1975 A2 Sanger   
300 32 Parizeau point 1070 D1 Hiseq   
303a 1 Parizeau Point 1000 A2 Sanger A 
303b 2 Parizeau Point 1000 A2 Sanger   
318 38 Boardwalk 1040 D Sanger D 
319 4 Boardwalk 2470 A2 Hiseq, Miseq   
326 4 Boardwalk 1970 A2 Hiseq, Miseq   
328 1 Boardwalk 2240 A2 Miseq   
331 2 Boardwalk   A2 Miseq A 
334 1 Boardwalk   A2 Miseq A 
338T 31 Boardwalk 1070 D1 Hiseq   
345 2 Boardwalk 1390 A2 Sanger A 
347 1 Boardwalk 1770 A2 Sanger   
378 40 Boardwalk 2600 X2a Hiseq   
396 1 Boardwalk 1570 A2 Sanger A 
397 2 Boardwalk 1990 A2 Sanger   
410 3 Boardwalk 2270 A2aq Hiseq   
455 1 Lachane 1650 A2 Sanger A 
457 39 Lachane   X2a Hiseq   
463 2 Lachane 1710 A2 Sanger   
466 2 Lachane 960 A2 Hiseq A 
476 3 Lachane 1650 A2aq Sanger   
477 3 Lachane 2060 A2aq Hiseq   
481 2 Lachane 1000 A2 Hiseq A 
486 7 Lachane 5670 A2 Sanger A 
492 30 Lachane   D1 Sanger   
499 1 Lachane 1460 A2 Sanger   
504 3 Lachane   A2aq Miseq A 
505 2 Baldwin 1270 A2 Sanger A 
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Supplemental Table 2.1 (cont.) 
 
Individual Ht# Location Age BP1 mtDNA Hg Seq Method RFLP result 
507 8 Baldwin   A2 Miseq   
510 4 Baldwin 1500 A2 Sanger A 
511 1 Baldwin 2140 A2 Hiseq   
512 2 Baldwin 2960 A2 Sanger A 
514 3 Baldwin 2620 A2aq Sanger A 
515 3 Baldwin 2050 A2aq Hiseq   
516 3 Baldwin 2050 A2aq Sanger A 
518 1 Baldwin 1420 A2 Sanger A 
520 2 Boardwalk 800 A2 Hiseq A 
521 2 Boardwalk 890 A2 Hiseq   
938 5 Lucy Island   A2ag Hiseq   
939 33 Lucy Island   D4h3a7 Hiseq   
1016 1 Wil’yaga łoo   A2 Miseq A 
1024 1 Wil’yaga łoo   A2 Miseq A 
1026 13 Wil’yaga łoo   A2 Miseq A 
1030 1 Wil’yaga łoo   A2 Miseq A 
1032 1 Wil’yaga łoo   A2 Miseq A 
1033 1 Wil’yaga łoo   A2 Miseq A 
1034 1 Wil’yaga łoo   A2 Miseq A 
1036 2 Wil’yaga łoo   A2 Miseq* A 
1037 37 Wil’yaga łoo   D Miseq   
1038 1 Wil’yaga łoo   A2 Miseq A 
1039 2 Wil’yaga łoo   A2 Miseq A 
















Supplemental Table 2.2- A list of the haplotypes, the haplogroup, HVS1 sequence, and the 
location each haplotype was found. Abbreviations- Ancient sites: Ba= Baldwin, Bo= Boardwalk, 
DI= Dodge Island, GI= Garden Island, La= Lachane, LI= Lucy Island, CP=Wil’yaga łoo, PP= 
Parizeau Point, Me= Metlakatla. Present-day groups: LAX=Lax Kw’alaams, MET= Metlakatla, 




Hg HVS1 (16024-16365) Haplotype Site/Group 
1 A2 16111, 16223, 16290, 16319, 16362 
Ancient: Ba, Bo, CP, DI, GI, La, PP. Present-day: LAG, LAX, 
MET, TSI, SPL, STS 
2 A2 16111, 16129, 16223, 16290, 16319, 16362 
Ancient: Ba, Bo, CP, GI, La, PP. Present-day: LAG, LAX, 
MET, TSI, SPL, STS 
3 A2aq 16111, 16223, 16290, 16319, 16355, 16362 Ancient: Ba, Bo, DI, La 
4 A2 16017, 16111, 16217, 16223, 16290, 16319, 16362 Ancient: Ba, Bo, GI. Present-day: LAX, STS 
5 A2 16111, 16223, 16235, 16290, 16301, 16319, 16362 Ancient: DI, LI. Present-day: LAX 
6 A 16223, 16290, 16319, 16362 Ancient: DI 
7 A2 16111, 16129, 16183, 16290, 16319, 16362 Ancient: La 
8 A2 16111, 16290, 16319, 16362 Ancient: Ba 
9 A2 16111, 16129, 16217, 16223, 16290, 16319, 16362 Ancient: GI 
10 A2a 16111, 16192, 16223, 16290, 16319, 16362 Ancient: GI 
11 A2 16111, 16129, 16185, 16223, 16290, 16319, 16362 Present-day: MET 
12 A 16129, 16223, 16290, 16319, 16362 Present-day: LAG, LAX, TSI 
13 A2 16093, 16111, 16223, 16290, 16319, 16362 Ancient: CP. Present-day: STS, TSI 
14 A2 16111, 16223, 16290, 16311, 16319, 16362 Present-day: STS 
15 A2a5 16111, 16192, 16223, 16233, 16290, 16319, 16331 Present-day: STS 
16 A2 16111, 16162, 16223, 16290, 16319, 16362 Present-day: LAG 
17 A2aq 16111, 16189, 16223, 16290, 16319, 16355, 16362 Present-day: LAG, TSI 
18 A2 16111, 16290, 16319, 16362, 16363 Ancient: Me 
19 B2a 16111, 16182, 16183, 16189, 16217 Present-day: TSI 
20 B4 16172, 16189, 16213, 16217 Present-day: STS 
21 C1 16086, 16223, 16260, 16298, 16325, 16327 Present-day: MET 
22 C1d 16051, 16223, 16298, 16325, 16327 Present-day: STS 
23 C1 16223, 16298, 16325, 16327 Present-day: STS 
24 C1 16223, 16298, 16311, 16325, 16327 Present-day: SPL, STS  
25 C1 16189, 16223, 16298, 16325, 16327 Present-day: STS 
26 C4 16223, 16298, 16327 Present-day: STS 
27 C? 16093, 16183, 16189, 16217, 16298, 16311, 16325, 16327 Present-day: SPL 
28 C1 16223, 16261, 16298, 16325, 16327 Present-day: SPL 
29 C1 16170, 16223, 16298, 16311, 16325, 16327 Present-day: SPL 
30 D1 16223, 16261, 16325, 16362 Ancient: La 
31 D1 16223, 16325, 16362 Ancient: Bo 
32 D1 16223, 16325 Ancient: PP 
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Hg HVS1 (16024-16365) Haplotype Site/Group 
33 D4h3a 16223, 16241, 16301, 16325, 16342, 16362 Ancient: LI 
34 D1 16167, 16223, 16325, 16362 Present-day: STS 
35 D1 16223, 16325, 16362 Present-day: SPL 
36 D1 16223, 16274, 16294, 16325, 16354, 16362 Present-day: SPL 
37 D? 16092, 16223, 16325 Ancient: CP 
38 D4 16189, 16311, 16356, 16362 Ancient: Bo 
39 X2a 16182, 16183, 16189, 16213, 16223, 16278, 16311 Ancient: La 
40 X2a 16182, 16183, 16189, 16213, 16223, 16278 Ancient: Bo. Present-day: MET, TSI 
41 X2a 16189, 16213, 16278 Present-day: STS 
42 X 16189, 16223, 16278 Present-day: LAG 
43 X 16278 Present-day: SPL 































Supplemental Table 2.3- MiSeq primers- HPLC grade primers used for the MiSeq were from 
IDT. The letters in bold correspond to the index.  
 
Primer name Sequence Tm Range covered 
PCR1       
HVSI_f1 TGTAAAACGACGGCCAGTGCACCCAAAGCTAAGATTCTAATTT 65.9 15986-16153 
HVSI_r1 CAGGAAACAGCTATGACCCAGGTGGTCAAGTATTTATGGT 64.8   
HVSI_f2 TGTAAAACGACGGCCAGTGCCAGCCACCATGAATATTGT 68.0 16106-16251 
HVSI_r2 CAGGAAACAGCTATGACCGGAGTTGCAGTTGATGTGTGAT 66.3   
HVSI_f3 TGTAAAACGACGGCCAGTCCCCATGCTTACAAGCAAGT 68.0 16190-16355 
HVSI_r3 CAGGAAACAGCTATGACCGGGATTTGACTGTAATGTGCTATGT 65.5   
HVSI_f3Raff TGTAAAACGACGGCCAGTCCCACTAGGATACCAACAAACC 67.1 16266-16422 
HVSI_r3Raff CAGGAAACAGCTATGACCATTGATTTCACGGAGGATGG 64.7   
PCR2       
fi501 AATGATACGGCGACCACCGAGATCTACACATCGTACGTGTAAAACGACGGCCAGT      
fi502 AATGATACGGCGACCACCGAGATCTACACACTATCTGTGTAAAACGACGGCCAGT     
fi503 AATGATACGGCGACCACCGAGATCTACACTAGCGAGTTGTAAAACGACGGCCAGT     
fi504 AATGATACGGCGACCACCGAGATCTACACCTGCGTGTTGTAAAACGACGGCCAGT     
fi505 AATGATACGGCGACCACCGAGATCTACACTCATCGAGTGTAAAACGACGGCCAGT     
fi506 AATGATACGGCGACCACCGAGATCTACACCGTGAGTGTGTAAAACGACGGCCAGT     
fi507 AATGATACGGCGACCACCGAGATCTACACGGATATCTTGTAAAACGACGGCCAGT     
fi508 AATGATACGGCGACCACCGAGATCTACACGACACCGTTGTAAAACGACGGCCAGT     
ri701 CAAGCAGAAGACGGCATACGAGATAACTCTCGCAGGAAACAGCTATGACC     
ri702 CAAGCAGAAGACGGCATACGAGATACTATGTCCAGGAAACAGCTATGACC     
ri703 CAAGCAGAAGACGGCATACGAGATAGTAGCGTCAGGAAACAGCTATGACC     
ri704 CAAGCAGAAGACGGCATACGAGATCAGTGAGTCAGGAAACAGCTATGACC     
ri705 CAAGCAGAAGACGGCATACGAGATCGTACTCACAGGAAACAGCTATGACC     
ri706 CAAGCAGAAGACGGCATACGAGATCTACGCAGCAGGAAACAGCTATGACC     
ri707 CAAGCAGAAGACGGCATACGAGATGGAGACTACAGGAAACAGCTATGACC     
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CHAPTER 3: EFFECTS OF EUROPEAN COLONIZATION ON THE Y-
CHROMOSOMES IN FIRST NATIONS POPULATIONS IN BRITISH COLUMBIA 
 
Abstract  
 The impacts of European colonization on the Y-chromosome of First Nations people 
have not been fully explored. One way to do this is to use ancient DNA to assess the variation 
that existed prior to European contact and DNA from present-day descendants after European 
contact, however it is often difficult to obtain Y-chromosome data from ancient remains. In this 
chapter, I analyzed the Y-chromosome DNA of 54 ancient and 55 present-day individuals from 
British Columbia (BC). I identified thirteen ancient individuals from the Prince Rupert Harbour 
(PRH) archaeological sites that have haplogroup C, and 24 individuals with haplogroup Q. When 
comparing the Y-chromosomes from ancient to present-day individuals, it suggests that many of 
the Y-chromosomes in present-day individuals have been replaced by Eurasian types and many 
of the haplogroup C haplotypes have likely been lost over time. This greater loss of diversity in 
the Y-chromosome when compared to mitochondrial DNA data from the same people indicates a 
sex-biased admixture effect of colonization.  
 
Introduction 
Europeans colonized many parts of the world, including what is now called the Americas, 
in one of the largest and understudied demographic events. European peoples first arrived to 
Indigenous lands in the late 1400s, and reportedly first interacted with First Nations individuals 
in the Northwest Coast region in the year 1787 (Duff 1964, Moeller 1966, Boyd 1990, Cole and 
Darling 1990, Larsen and Milner 1994). The Hudson Bay Trading Company, and its fur and fish 
trading industry, was established in this area in 1831 and by the late 1800s had a large presence 
(Beynon 1941, Morton 1973, Simmons 1996). Conflicts between these invaders and the 
63 
 
Indigenous groups increased, usually fought by men (Suttles 1990, Ames and Maschner 1999). 
Eurasian men settled in this area and would, on occasion, take native wives, or impregnate 
Indigenous women. This history likely reduced the number of Indigenous men that had children, 
and therefore this demographic event concealed part of the paternal history of the Americas. 
The Y-chromosome is the paternally inherited DNA often used in studies of populations, 
specifically the non-recombining region of the chromosome. Research on this chromosome has 
allowed researchers to named haplogroups, which are groupings of similar Y-chromosome types. 
The paternal history of colonization mentioned above introduced and partially replaced Y-
chromosomes that have haplogroups found in the Americas before European colonization 
(hereafter referred to as Indigenous haplogroups) (Duran et al. 2008, Belshaw 2009). Because of 
this sex-biased history of interaction, Y-chromosome evolutionary history in the Americas 
remains understudied relative to work in mitochondrial DNA and whole genomes (Bortolini et 
al. 2003, Bolnick et al. 2006, Malhi et al. 2008, Lippold et al. 2014, Chapter 2). This knowledge 
shortage of Y-chromosome evolutionary history is concealing a large part of the population 
history, and researchers can problematically assume men had an identical history.  
Some studies have explored the pattern of Y-chromosome diversity in the Americas 
(Zegura et al. 2004, Bolnick et al. 2006, Malhi et al. 2008, Adhikari et al. 2017, Kivisild et al. 
2017). Haplogroups C and Q are usually found in North America and the frequency of 
haplogroup C decreases on a north-to-south cline and is rarely found in South America (six 
individuals in Ecuador, Colombia, and Venezuela) (Karafet et al. 1999, Lell et al. 2002, Bortolini 
et al. 2003, Zegura et al. 2004, Mazières et al. 2008, Malhi et al. 2008, Geppert et al. 2011, 
Bailliet et al. 2012). A complicating factor of researching the Y-chromosome in present-day 
Indigenous communities is that many of the men have Y-chromosome haplogroups usually 
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found in Eurasia (referred to hereafter as Eurasian or non-Indigenous Y-chromosome 
haplogroups) (Bolnick et al. 2006, Malhi et al. 2008, Zlojutro et al. 2009, Dulik et al. 2012, 
Schurr et al. 2012). This is likely a result of European colonization. In many present-day 
Indigenous communities, frequencies of Eurasian haplogroups E, I, and R are higher in 
frequency than Indigenous haplogroups C and Q (Bolnick et al. 2006, Malhi et al. 2008, Schurr 
et al. 2012). Despite there being few present-day individuals who have haplogroup C and Q, 
information on these individuals can inform the population history, including genetic diversity, 
of the community. Haplogroup C is defined by several mutations not found elsewhere, including 
M130, and haplogroup Q is defined by the M242 locus (Underhill et al. 1996, Karafet et al. 
1999). 
 Population history studies have examined ancient and present-day populations in the 
Americas and have generated short tandem repeat (STR) data (García-Bour et al. 2004, Zegura et 
al. 2004, Bolnick et al. 2006, Dulik et al. 2012, Schurr et al. 2012). For example, Bolnick et al 
(2006) published STR data for 72 individuals that have haplogroup Q and eight haplogroup C 
individuals. The remaining 95 individuals in the study had non-Indigenous Y-chromosomes. 
Focusing in on the population history of BC, one study of three present-day BC Tsimshian 
communities found low frequencies of haplogroup C (up to 11%), moderate frequencies of 
Haplogroup Q (up to 44%), and higher frequencies of Eurasian haplogroups (up to 73%) 
(Hughes et al. 2016). In contrast, 99.8% of the mitochondrial DNA (mtDNA) haplogroups were 
Indigenous groups A-D, or X. Other studies compared autosomal data from the present-day BC 
Coast Tsimshian to the ancient PRH, finding a reduction in effective population size (Lindo et al. 
2016, 2017). This could lead us to expect at least the same reduction in Y-chromosome diversity 
if not greater.  
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Ancient DNA is already providing valuable information on the population history of the 
Americas, specifically providing insight into patterns of genetic diversity before colonization, as 
seen in the last chapter. However, studies on ancient DNA are rare because remains containing 
ancient DNA are seldom well-preserved enough to provide Y-chromosome data (García-Bour et 
al. 2004, Kemp et al. 2007, Kuch et al. 2007, Rasmussen et al. 2010, 2014). Unlike mtDNA, 
there is only one copy of the Y-chromosome in every cell and this makes amplifying it more 
difficult (Jobling and Tyler-Smith 2003, Jorde et al. 2000). Remains which are well-preserved 
enough to yield Y-chromosome DNA, tend to only provide Y-chromosome data on a few STRs 
and single nucleotide polymorphisms (SNPs), such as a study that generated data for up to nine 
STRs from nine ancient South American individuals dating to at least 400 BP (García-Bour et al. 
2004). A few ancient individuals in the Americas have been identified as having Y-chromosome 
haplogroup Q, but so far, haplogroup C has not been found (García-Bour et al. 2004, Kemp et al. 
2007, Kuch et al. 2007, Rasmussen et al. 2010, 2014, 2015). A branch within Q-M242, Q-M3, 
likely originated in Beringia and is private to the Americas (Underhill et al. 1996, Lell et al. 
1997). This was found in one Chukchi individual and one Evens individual (Karafet et al. 1999). 
Ancient individuals that are Q-M3 are from Alaska, Washington, and Newfoundland, whereas 
ancient individuals from Montana and Greenland did not have the mutation at Q-M3 and instead 
belonged to Q-L54* and Q-MEH2 groups, respectively. 
Y-chromosome diversity can be affected by multiple factors. These could include, but are 
not limited to founder effects, amount of sex-biased migration, and cultural changes. A study on 
Inner Asia found that there were cultural factors on genetic structures such as relationship style 
(eg. polygyny, monogamy) and the line of descent (eg. matrilineal or patrilineal style that could 
also affect genetic diversity (Marchi et al. 2017, Karmin et al. 2015). Several studies have also 
66 
 
found that the effects of a genetic bottleneck can be more pronounced when there is a lower 
effective population size, such as in mtDNA (Jorde et al. 1997, Fay and Wu 1999, Jorde et al. 
2000). It is necessary to explore these possibilities to discern what has affected the Y-
chromosome diversity of a population.  
 The male population history of PRH could have been affected by many factors that would 
influence the Y-chromosome DNA diversity over time. The PRH population seemed to have a 
matrilineal society wherein men may have migrated to other communities (Cybulski 1993, 
Donald 1997, Ames 2001, Hage and Marck 2003). Over the course of ~6000 years, there also 
appeared to have been some cultural changes such as having larger community sizes, as well as 
the switch to above ground burial practices that would have influenced the ability to see Y-
chromosome diversity (Barbeau and Beynon 1987, Suttles 1990, Cybulski 1994, 2001). 
Archaeologists have determined that the number of men found in PRH was approximately 1.8 
times greater than the number of women (Suttles 1990, Cybulski 1979, Cybulski 1992, Ames 
2001). Possibly influencing the sex ratio, there is also some evidence for a practice of bringing 
slaves to the area for work and possibly child bearing (Suttles 1990, Cybulski 1993, Donald 
1997, Ames 2001). There could be several reasons for the skewed sex ratio; the survival of men 
was different than the survival of women, which may be accurate given that the remains of 
several men show evidence of trauma, indicating that men usually fought in conflicts 
(MacDonald and Inglis 1976, Ames and Maschner 1999). Other possible reasons for the skewed 
ratio could be that there were more men than women living in the population, males were 
preferentially buried (Ames 2001, Cybulski 1994, Ames and Machner 1999), or perhaps 
individuals may have been incorrectly assigned as men based on pelvic and cranial information 
that was misleading (Krogman and İşcan 1986, Cybulski 1992).   
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To add knowledge to the understudied paternal history and to study the effects of 
colonization on the paternal ancestry, more information is needed on the structure and diversity 
of Y-chromosomes before colonization. The contrast between the percent Indigenous mtDNA 
haplogroups compared to the Indigenous Y-chromosome haplogroups indicates that there could 
be more of an impact of European colonization on the men than the women since more 
Indigenous Y-chromosomes were replaced than mtDNAs. In considering the information known 
about European colonization, this chapter seeks to answer what, if any, were the impacts of 
colonization on the Y-chromosome of the Tsimshian men in BC? Was there a genetic bottleneck 
in the Y-chromosome? If so, how severe? To answer these questions for this population, I 
gathered the largest ancient Y-chromosome data set from North America to date, assessed the 
haplogroup of the individuals in the population, measured the diversity of these populations, and 
compared these data to other nearby groups. This chapter also compares its results to those of the 
previous chapter to assess if colonization genetically affected paternal DNA as much or more as 




The extraction protocol from Chapter 2 was altered to include the modification from 
Doran and Foran 2014 to decrease DNA trapped on filters where 250 µL of UV-irradiated yeast 
RNA were placed on the spin column filter before extraction (Cui et al. 2013, Ch. 2). Samples 
with the RNA treatment are listed in Supplemental Table 3.1. Once DNA was obtained, the X 
and Y alleles of the Amelogenin gene were assessed to determine the sex of each individual 
(Nakahori et al. 1991, Eng et al. 1994, Mannucci et al. 1994). Once the presence of a Y-
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chromosome was confirmed via a polyacrylamide gel, STR analysis was performed using two 
different Y-STR kits to obtain ancestry data from these individuals. The AmpFLSTRTM YfilerTM 
kit was used on thirteen individuals and amplifies seventeen STRs (Table 3.1). The Promega 
Y23 kit amplifies the same STRs as the Yfiler kit and an additional six STRs, and was used on 
fifty individuals. Nine individuals were amplified using both kits. Each individual was amplified 
at least twice using a Y-STR kit, often from two extracts. For both STR kits, the factory protocol 
was followed with the exception that half reactions were used for Yfiler and quarter reactions 
were used for some of the samples using the Y23 kit. For the samples analyzed with the Y23 kit, 
0.6 µL of MgCl2 were added to each reaction. For some of the low concentration samples, no 
water was added to the PCR mix and up to 10 µL of DNA was added. Both kits were optimized 
to run on the ABI 3730xl DNA analyzer.  
Y-SNP analysis was conducted to determine the haplogroup of the individual. The M242 
and M3 SNP regions that define Q and Q-M3, respectively, were sequenced with Sanger 
sequencing on an ABI 3730xl DNA analyzer following a BigDye® Terminator step according to 
published studies (Sanger et al. 1977, Yong-Bin et al. 2010). Only a few individuals were 
successfully sequenced using this approach due to poor quality sequence data, thus a Restriction 
Fragment Length Polymorphism (RFLP) method was also used to determine the haplogroup of 
the individuals. M242 and M3 RFLP primers were used (Bolnick 2005) and gels were run to 
confirm the presence of the restriction cut site. Haplogroup C-M130 was confirmed in 







 SNP and STR data from the present-day Coast Tsimshian (Lax Kw’alaams and 
Metlakatla) and the Laxgalts'ap First Nations are available (Hughes et al. 2016, Table 3.2), and 
the Y23 kit was used to amplify these present-day individuals having Y-chromosome 
haplogroups C and Q. STR data from other present-day Northwest Coast Haida and Tlingit 
populations in South East Alaska were compared to the data set in this chapter (Schurr et al. 
2012). Numbers of individuals with each haplogroup for all populations in the following 
analyses are summarized (Table 3.3).  
 
Computer analyses 
Allele size calls were made with Genemapper version 5.0, disregarding any peaks with 
heights less than 50 (Dulik et al. 2012). Next, haplogroups of the individuals were generated by 
using Whit Athey’s predictor (Athey 2005, 2006, hprg.com/hapest5/) and with NevGen (Serbian 
DNA Project, 2015, www.nevgen.org/). Lastly, the predicted haplogroups were compared to 
what was generated from SNP data when possible (Table 3.1). 
A map of BC was made using PopART version 1.7 (Leigh and Bryant 2015) on which 
sample sizes and haplogroup composition for ancient, present-day coastal, present-day interior, 
and comparative data populations are labeled (Figure 3.1). Another map was made with both the 
mtDNA and Y-chromosome Indigenous and non-Indigenous haplogroup compositions compared 
for the same geographic regions (Figure 3.2). Labels were added with Inkscape 0.91 
(www.inkscape.org).  
Genetic diversity analyses were conducted by calculating mean pairwise differences for 
each population including everyone in the population and then just for haplogroup C and Q 
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individuals using Arlequin version 3.5.2.2 (Excoffier and Lischer 2010). These results were 
plotted using RStudio® version 3.5.0 with the ggplot package (RStudio® 2015, Wickham 2009). 
Haplotype diversity was manually calculated for each population (Nei 1987). Additionally, 
AMOVA analyses were conducted for haplogroups C, Q, with C and Q combined, all 
haplogroups separated by population, and for all individuals separated by geographic area using 
Arlequin (Excoffier et al. 1992). The AMOVA analysis with all individuals separated by 
geographic area used the following groupings: 1) ancient individuals, 2) coastal individuals with 
haplogroups C and Q, with other haplogroups, and all individuals, 3) interior individuals with 
haplogroup C and Q, with other haplogroups, and all individuals, and 4) Alaska individuals with 
haplogroup C and Q, with other haplogroups, and all individuals. For ancient and present-day 
individuals, GenAlEx version 6.502 was used to make a Principal Coordinates Analysis (PCoA) 
plot based on six Y-STRs: DYS389I, DYS458, DYS393, DYS391, DYS635, DYS448 (Peakall 
and Smouse 2006, 2012). All four methods for making PCoA plots were used: covariance-
standardized, covariance- not standardized, distance- standardized, and distance- not 
standardized. The same groupings used for the AMOVA analysis were used to make the PCoA 
plots and the distance matrix was calculated twice; with missing data interpolated, and without 
data interpolation. 
Network diagrams were made using Network version 5.0.0.3 with comparative data and 
with all BC coast and interior individuals. Other networks of fourteen haplogroup C individuals 
and forty haplogroup Q individuals were made from six STRs: DYS389I, DYS458, DYS393, 






All the ancient PRH men that were confirmed as a haplogroup and most of the 
individuals predicted have Indigenous Y-chromosome haplogroups (Figures 3.1 & 3.2, Table 
3.1, Supplemental Table 3.1). Of the six individuals with unknown haplogroups, haplogroup C or 
Q was either predicted at a low value (10% or less) or was predicted to be G, I, J, N, or R, none 
of which are Indigenous haplogroups. Eleven individuals had four or fewer STRs and a group 
could not be predicted. The Y-chromosome haplogroup composition of the present-day coastal 
and interior BC communities in this study is 39% Indigenous and 61% non-Indigenous 
haplogroups. This is in contrast to the 2.04% non-Indigenous mtDNA haplogroups from Chapter 
2. The networks of the mtDNA and Y-chromosome for these BC communities illustrate this 
difference (Figure 3.6 & 3.7). Additionally, a map shows the haplogroup composition of each 
population for both the mtDNA and Y-chromosome (Figure 3.2).  
The mean pairwise difference (MPD) in the ancient and present-day populations are 
approximately equal in the Y-chromosome (Table 3.4, Figures 3.3-3.4). When all individuals 
from the present-day population are included, diversity is greater in the present-day populations 
than in the ancient, likely increased by the addition of non-Indigenous Y-chromosomes. When 
the present-day population is split into smaller populations, the Other Tsimshian group has 
considerably more diversity than the ancient group, the Laxgalts’ap and the Lax Kw’alaams have 
slightly more diversity than the ancient, and the Metlakatla have less. This demonstrates that 
some of these individuals likely migrated to this area from multiple places adding to the 
diversity. The haplotype diversity of the PRH population is slightly higher than the present-day 
coastal, interior, and Alaska groups.  
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AMOVA results indicate that most (94.92%-99.79%) of the diversity is explained within 
populations for C, Q, C and Q combined, and the data set that combined all haplogroups (Tables 
3.5-3.6, Supplemental Tables 3.2-3.4). The variation among populations within groups is higher 
for all haplogroups than just the C and Q combined analysis since it has more groups adding 
variation. The Fst value for haplogroups C and Q combined shows more genetic relatedness than 
with all haplogroups included. Surprisingly, the Fst of C and Q individually are less related than 
C and Q combined. The analysis with the highest Fst value was with all haplogroups separated 
out by geographic region, perhaps because the doubling of every present-day individual 
increased the number of individuals with haplogroups other than C and Q, which are more 
distantly related than groups with different haplogroups (Supplemental Table 3.4). Alternatively, 
these results could also indicate the geographic distances between these groups.  
The PCoA plot of all coastal and interior Tsimshian, ancient PRH, and Alaska individuals 
shows that the PRH population is most closely related to interior BC individuals with 
haplogroups C and Q, then to Alaska individuals with any haplogroup, then to Alaska individuals 
with haplogroups C and Q, and then to present-day coastal C and Q individuals (Supplemental 
Figure 3.3). When missing data is interpolated, the most closely related population is composed 
of individuals with haplogroups C and Q in Alaska (Schurr et al. 2012). Next closest is the 
interior individuals with the same haplogroups, then Alaska individuals with all haplogroups, and 
finally to the present-day coastal individuals with haplogroups C and Q (Figure 3.5). The four 
different ways of making PCoA plots did not appear to significantly change the results. 
Six ancient individuals were found to have Y-chromosome haplogroup C using RFLP 
analysis and seven more were predicted (Supplemental Figure 3.4, Table 3.1). In the network of 
these individuals, two ancient individuals from the Boardwalk site (382 and 385) have no 
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apparent differences, and their haplotypes composed of sixteen and thirteen STRs, respectively, 
have no differences, indicating they could be paternal relatives. Additionally, two PRH 
individuals from the Lachane site (467 and 492) appear to share a haplotype on the network with 
an individual from Hoonah, Alaska (individual 2, Schurr et al. 2012). The two PRH individuals 
differ from each other by one repeat at the DYS549 locus. Individual 2 has a haplotype that is 
one repeat different from PRH-467 at the GATA-H4 locus, and is one repeat different than PRH-
492 at the DYS389II locus. These loci were not used in the construction of the network, thus 
these individuals appear the same.   
 Sequencing and RFLP analyses confirmed eleven individuals, and thirteen were predicted 
to be haplogroup Q (Table 3.1). A network of haplogroup Q shows several individuals sharing 
haplotypes (PRH-514, CCV, and individuals 19 & 21) (Supplemental Figure 3.5). The STR 
profile shows that ancient individual PRH-514 differs from an interior individual, CCV, by four 
loci, one by two repeats, and differs from two Alaska individuals by at least three loci (Tables 
3.1 & 3.2). PRH-410 and an individual from Hoonah (13) share a haplotype on the Q network, 
and only differ at the DYS390 locus by one repeat, however, both have missing data. Similarly, 
PRH-508 and a Hoonah individual (18) have thirteen STRs in common and differ only at 
DYS438 and possibly other places also due to missing data. PRH-505 was predicted to be 
haplogroup C and 510 was confirmed as a Q-M3 with RFLP, however they are identical at five 
STR sites and only differ at the DYS385 locus. It is possible that these two individuals could be 
very different haplotypes or the prediction of the haplogroup C could be incorrect and they are 
both haplogroup Q as they both have missing data. PRH-380 and 386 from Boardwalk differ by 
1-2 locus (loci), depending on if DYS385 had a dropout of one allele.  
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On the network of all haplogroups, one haplogroup Q haplotype is shared by the ancient, 
present-day interior BC, and Alaska individuals (Figure 6). Monophyletic groups for each 
haplogroup do not form on this Y-chromosome network and several haplotypes are shared by 
individuals with different haplogroups. The likely reason for this is that this network is only 
based on six STRs to reduce the amount of missing data, limiting the resolution. Networks made 
with missing data grouped individuals together with missing data and other individuals without 
missing data grouped together. As a result, only networks with 0% missing data are shown.  
Five present-day haplogroup Q individuals do not have the mutation at M3. Several 
ancient individuals that appear to be haplogroup Q (326, 511, 512, 717, and 882) were negative 
for M3. However, 511 did not have many STRs so was not predicted to be a haplogroup Q 
individual. Individual 512 is likely to be haplogroup Q without M3 because nineteen STRs were 
used to predict 100% Q and did not have M130. The M242 RFLP assay did not amplify for the 
ancient samples so data are not available.   
Two ancient individuals (318 & 492) with mtDNA haplogroup D also have Y-
chromosome haplogroup C and are from different sites (Table 3.1, Chapter 2). Two other ancient 
individuals with mtDNA haplogroup A have Y-chromosome haplogroup C and are from the 
Baldwin and Wil’yaga łoo sites (505 & 1038). 
RFLP analysis confirmed either haplogroup C or Q in fifteen individuals, whereas 
sequencing confirmed two individuals, with one individual confirmed with both methods. There 
were cases where samples did not amplify or were not tested for some RFLP sites. Although 
sequencing is a reliable way to view the mutation, the ancient individuals typically had poor 
quality sequence results compared to the DNA samples of present-day individuals. RFLP is 
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reliant on having a normal gel electrophoresis run, and a resulting clear gel image is essential for 
interpretation of the haplogroup. 
Not all 23 STRs amplified for each individual, however, three individuals amplified 
twenty STRs and 32 individuals amplified ten or more STRs. STR degradation was found in 
seven ancient individuals and some of the alleles appeared to be smaller than expected. This 
indicates that the DNA amplified is damaged ancient and not modern contamination. 
Three individuals who were sexed as females produced Y-chromosome data (376, 504, & 
893). Individual 893 has data for eleven STRs and was confirmed and predicted as a haplogroup 
Q-M3. Individual 376 did not have enough STRs (3) to predict a haplogroup, and 504 could not 
be predicted to a single haplogroup using twelve STRs and therefore was marked as unknown. 
None of these individuals had a haplotype that matched any other PRH, present-day individual, 
or lab member indicating that the Y-STR results are not the result of contamination. Two 
individuals who were sexed as males did not produce any Y-chromosome STR data (357 & 939), 
possibly due to poor DNA preservation or misleading pelvic and cranial information.  
 
Discussion 
 This is only the second study to publish ancient Y-chromosome STR data from North 
America, and this large data set provides insight into the population structure of this First 
Nations population. The excellent preservation of DNA at the PRH sites, as well as the 






Effects of colonization 
Previous research has shown that colonization had impacts on autosomal DNA variation 
in BC with a 57% reduction in population size (Lindo et al. 2016, 2017). This chapter illustrates 
that colonization also had an effect on Y-chromosome variation, illustrated by the fact that 61% 
of the present-day populations have non-Indigenous Y-chromosome haplogroups, such as E, I, 
and R. Since the ancient PRH population all appeared to have Indigenous haplogroups C and Q, 
this indicates that European colonization had a major impact on the haplogroup composition of 
the population. This result has been found in other present-day populations (Zegura et al. 2004, 
Bolnick et al. 2006, Schurr et al. 2012) and illustrates the importance in examining ancient DNA 
to fully explore the population history of Indigenous peoples.  
A reduction in diversity was predicted in the present-day populations compared to the 
ancient, as was previously found in studies of present-day groups (Bolnick and Smith 2003, 
Wang et al. 2004, Bolnick et al. 2006). Genetic diversity analyses showed that the addition of the 
Eurasian Y-chromosomes to the present-day populations increased the diversity. Even when the 
individuals with non-Indigenous haplogroups were placed in a separate group, the diversity of 
the ancient population was less than the present-day groups. Only the haplotype diversity showed 
slightly less diversity in the present-day populations. The unexpected result of not finding a 
significant decrease could be attributed to other Indigenous men migrating to the community, 
perhaps due to forced migrations during colonization or the matrilocal social structure. The 
haplogroups not found in the Americas at the time of its peopling are adding variation to the 
present-day groups as demonstrated by the AMOVA analyses of the populations both with and 
without non-Indigenous haplogroups added (Tables 3.5 & 3.6).  
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Several haplotypes are identical or similar between the ancient and present-day interior or 
Alaska individuals, supporting oral histories (Barbeau and Beynon 1987, Cybulski 2001) and 
other biological data of distant shared ancestry with these groups (Malhi et al. 2004, Eshleman et 
al. 2004, Verdu et al. 2014, Hughes et al. 2016). However, it is also clear that several haplotypes, 
especially haplogroup C types, are no longer present in the community and the population 
composition of haplogroup C has moved from roughly 24% in the ancient to 6% in the present-
day coastal. It is possible these haplotypes have been replaced with those commonly found in 
Europe, or perhaps these were not yet sampled in the present-day communities. Additionally, the 
AMOVA results show that there is additional variation in the populations within a group, more 
than what has been found in haplogroup Q (Supplemental Table 3.2).  
The PCoA plot shows that the different components (Indigenous and non-Indigenous 
haplogroups) of the present-day population have effects on the position relative to the ancient 
population. The populations with only non-Indigenous haplogroups are far away on the plot 
from the PRH group, whereas the groups with just Indigenous haplogroups are much closer, 
further demonstrating the effects that European Y-chromosomes have had on these populations. 
It is known that not all types of DNA will be equally affected by bottlenecks (Hoelzel 
1999) and since these groups have a matrilocal social structure, the Y-chromosome should have 
a larger effective population size due to men marrying into different families and possibly having 
consistent migration of men into the community. Due to this larger effective population size, the 
Y-chromosome is less likely to be affected by genetic drift. 
The stark difference between paternal and maternal histories, indicated by the large 
percentage of non-Indigenous Y-chromosomes relative to non-Indigenous mtDNA, demonstrates 
a sex-biased admixture effect of European colonization. Two possible reasons for this difference 
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are: the large migration of mostly men from Eurasia into coastal BC in combination with them 
often having children with Indigenous women, and men often engaged in conflicts and therefore 
had a greater chance of dying before having children. Both of these reasons suggest that there 
could have been fewer Indigenous men having children with Indigenous women (Cybulski 
2001). These data demonstrate that this community likely experienced a bottleneck, like other 
populations in the Americas, as a result of European contact. 
 
Population history 
 These data demonstrate for the first time that Y-chromosome haplogroup C has been 
found in ancient individuals from the Americas, providing information on haplogroup C in the 
pacific northwest coastal region. This indicates that haplogroup C may have been in higher 
frequency in the past and has lost diversity and haplotypes over time, either due to colonization, 
genetic drift, or other factors.  
 Several shared haplotypes at the center of the C and Q networks are common in ancient 
and present-day populations, indicating that they could be founding types in the Americas 
(Karafet et al. 1999, Hammer 1997, Torroni et al. 1994, Schurr and Sherry 2004, Bortolini et al. 
2003, Lell et al. 2002, Bianchi et al. 1998, Mesa et al. 2000, Bergen et al. 1999). These 
haplotypes have persisted throughout the last 6000 years, likely because there were many 
individuals with these haplotypes before colonization and the rarer haplotypes are more likely to 
have been lost. The presence of several coastal Tsimshian haplogroup Q individuals that lack M3 
could indicate that a similar founding type arrived in the Americas and has persisted over time 
(Underhill et al. 1996, Lell et al 1997). Other studies that reported individuals that did not have 
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M3 were in Montana and Greenland, indicating that these coastal Tsimshian might share a 
distant ancestry with them. 
 The Y-chromosome results indicate a close relationship with Alaska individuals, as 
expected, and the interior BC communities, which is surprising since it was thought that the 
geographic barriers between the coastal and interior communities hindered migration (Malhi et 
al. 2004, Eshleman et al. 2004, Verdu et al. 2014, Hughes et al. 2016). It is possible that the 
relationship with the interior individuals demonstrates a more similar haplogroup composition 
between the ancient and interior than present-day coastal. The location of the PRH group situated 
closer to the Alaska Indigenous group could show relatedness and the two groups do share a few 
haplotypes. Another possibility is that because both the PRH and Alaska Indigenous groups had 
missing data, the interpolation process could have mistakenly grouped these together. The 
mtDNA PCoA results showed the PRH population was closer to the coastal communities, as well 
as Alaska so it is likely that these Haida and Tlingit groups in Alaska played a role in the 
population history in BC. 
PRH populations appear to be more similar to Alaska and Interior BC individuals than 
Coast Tsimshian people, suggesting that some men in PRH migrated to these other areas, or that 
the present-day coastal population had other Indigenous men migrate into the area, changing the 
composition of the population, or some combination of both. There could also be types that were 
not yet discovered in PRH or the present-day coastal populations that would decrease the genetic 
distance between these groups. The missing data in PRH could be contributing to the distance to 
the present-day coastal Tsimshian. Also, using only six STRs to perform these analyses, might 
have had an effect on the diversity calculations. 
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 AMOVA results indicate high within population variance, demonstrating the great 
diversity within populations, possibly due to the presence of both C and Q. Among group 
variance is much lower in all the AMOVA analyses than the mtDNA results from Chapter 2, as 
other studies have found (Seielstad et al. 1998, Zlojutro 2008), with the exception of the 
AMOVA results from all populations grouped by geographic area (Supplemental Table 3.4). 
However, in contrast to other studies, the among populations within groups, among group 
variation, and the Fst values are all lower than mtDNA. This could be because this study 
examined STR data, and/or these BC Tsimshian populations have a matrilocal system (Santos et 
al. 1999, Jorde et al. 2000).  
This study did not find a significant decrease in genetic diversity as was predicted, 
however the proposed factors that affect genetic diversity may still have played a role in this BC 
community. It does appear that there are several C and Q haplotypes that could represent 
founding types into the Americas affecting the diversity as predicted (Jorde et al. 2000, Hedrick 
2011). The type of DNA examined (STRs vs sequence) could have also had an effect on the 
diversity (Jin and Chakraborty 1995). Additionally, genetic drift (Hedrick 2011), length of time 
of population history reconstruction (Jorde et al. 2000, Quintana-Murci et al. 1999), and amount 
of sex-biased migration (Seielstad et al. 1998, Jorde et al. 2000) could also be contributing 
factors to the diversity of these communities. It is difficult to fully explore these possible reasons 







Study challenges and significance 
Problems with Y haplogroup prediction methods are that it can depend on the number of 
STRs used, the mutation rate (over long periods of time), and haplotypes of different 
haplogroups can converge (Muzzio et al. 2011, Wang et al. 2015). The accuracy of the prediction 
has been shown to vary with the number of STRs used and depends on the number of individuals 
with the same haplogroup in the data set used to predict unknown group of the individual 
(Schlecht et al. 2008). Some haplogroups, such as I and R, have been found to be easier to 
predict than others (Schlecht et al. 2008). Some of the individuals in this BC data set in this 
chapter have very few STRs that can be used to predict the haplogroup and there are not likely 
many of the haplogroup C and Q from the Americas in published data. These issues likely made 
it more difficult to predict the haplogroup. Despite these problems, haplogroup prediction can 
still be a useful tool for Y-chromosome analyses when SNP data is not available. However, most 
often the predictors seem to provide erroneous results for these ancient PRH men. Ascertainment 
bias commonly basing these predictors off of European individuals are likely not as reliable for 
Y-chromosomes commonly found in the Americas. This could be seen in that most of the 
haplogroups are predicted to be R, which is common throughout Eurasia. Another possibility is 
that since these are ancient haplotypes, they represent an earlier and unknown branch of the Y-
chromosome evolutionary tree and the STRs are different enough that the predictor cannot place 
the individual in the correct haplogroup.    
A network of all individuals shows the relationship between the ancient and present-day 
Northwest Coastal people, however, individuals with the same haplogroups are not found in a 
monophyletic clade. This is likely because these networks were only based on six STRs and this 
does not provide enough resolution to see the relationships between the individuals. However, 
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when networks were made with missing data, the individuals with missing data grouped 
together, while those with no missing data grouped together, also showing an incorrect 
relationship. This result supports what others have found (Joly et al. 2007).  
The skewed sex ratio proposed by previous studies in PRH of more men than women 
seems to be supported through the use of DNA to identify sex. Remains from only two 
individuals labeled as male did not amplify the AMEL-Y locus. The difficulty of obtaining the 
Y-chromosome from ancient remains could be preventing me from identifying them as male so it 
might be possible that the individuals labeled as males did not amplify the AMEL-Y, making 
them appear genetically female. The possibility that an incorrect sex assignment was made based 
on misleading pelvic and cranial information seems unlikely (Krogman and İşcan 1986, Cybulski 
1992).  
Challenges in working with remains from archeological sites are abundant since sample 
sizes from archeological sites are small, and allelic dropout could be preventing the appearance 
of the Y-chromosome (Kim et al. 2013, Tozzo et al. 2013). However, the benefits of using 
ancient DNA to understand population history are also abundant and should be used in the study 
of population history whenever possible. 
 
Conclusions 
 This chapter presents the largest ancient DNA data set from the American continent, and 
in the PRH region which, has had a steady climate over the last 6000 years, and has preserved 
the DNA well enough to generate Y-chromosome data. The present-day populations have 
experienced a replacement in many Y-chromosome haplogroups that were usually found in the 
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Americas. These results indicate a detrimental effect of European colonization on the Y-













































FIGURES AND TABLES 
 
Figure 3.1- Population haplogroup composition for Y-chromosome haplogroups C, Q, and non-



















Figure 3.2- Population composition for mtDNA (left) and Y-chromosome (right) Indigenous 
haplogroups (purple), and non-Indigenous haplogroups (green). Abbreviations: Prince Rupert 




















Figure 3.3- Mean pairwise difference (MPD) for ancient, coastal present-day, interior, and 
Alaska populations with the people with haplogroups C and Q together, individuals with 
haplogroups not typically found in the Americas in a separate population, and all together. 



















Figure 3.4- Mean pairwise difference (MPD) for the ancient population and all present-day 




















Figure 3.5- PCoA plot with PRH, present-day individuals with Indigenous Y-chromosomes, 
present-day individuals with non-Indigenous haplogroups, all present-day individuals with any 
haplogroup, and Alaska individuals. Individuals with Indigenous haplogroups are in this plot 
twice, once as a separate group, and again combined with individuals with non-Indigenous 
haplogroups in their respective population. Used the covariance- standardized method with 
missing data interpolated. The first two principal components explain 75.2% of the variation. 
Abbreviations: Prince Rupert Harbour: PRH. Coastal: COA. Interior: INT. Alaska: AK. 























Figure 3.6- Y-chromosome network diagram of ancient, present-day coastal, interior, and Alaska 
individuals of all haplogroups. This was based on six STRs and has 0% missing data. Individual 
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Figure 3.7- Mitochondrial DNA network of all individuals in the present-day BC populations, 
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Supplemental Figure 3.1- Mean pairwise difference (MPD) for individuals with haplogroup C 






Supplemental Figure 3.2- Mean pairwise difference (MPD) for individuals with haplogroup Q 





Supplemental Figure 3.3- PCoA plot with PRH, present-day individuals with Indigenous Y-
chromosomes, present-day individuals with non-Indigenous haplogroups, all present-day 
individuals with any haplogroup, and Alaska individuals. Individuals with Indigenous 
haplogroups are in this plot twice, once as a separate group, and again combined with non-
Indigenous haplogroups in their respective population. Covariance matrix with data 
standardized. The first two principal components explain 79.78% of the variation. Abbreviations: 
Prince Rupert Harbour: PRH. Coastal: COA. Interior: INT. Alaska: AK. Individuals with 





















Supplemental Figure 3.4- Y-chromosome haplogroup C network of fourteen individuals from 
PRH, present-day coastal, interior, and Alaska individuals. This was based on six STRs and has 
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Supplemental Figure 3.5- Y-chromosome haplogroup Q network of forty individuals from PRH, 
present-day coastal, interior, and Alaska individuals. This was based on six STRs and has 0% 
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Table 3.3- Haplogroup composition by population, including comparative data used in these 
analyses. Unknown individuals are ones that the prediction of the haplogroup was not clearly a 
haplogroup that made sense. Not enough indicates those individuals that did not have enough 
data to predict the haplogroup.  
 
Population Location N Hg C Hg Q Other Unknown Not enough 
Ancient PRH 54 13 24 0 6 11 
 Baldwin 7 1 4 0 2 0 
 Boardwalk 23 6 11 0 3 3 
 Wil’yaga łoo 2 1 0 0 0 1 
 Dodge Island 1 0 0 0 0 1 
 Garden Island 3 0 2 0 1 0 
 Lachane 17 5 6 0 5 1 
 Ridley Island 1 0 1 0 0 0 
Present-day BC Laxgalts'ap 9 1 4 4 0 0 
 Lax Kw’alaams 9 0 4 5 0 0 
 Metlakatla 6 0 2 4 0 0 
 Other Tsimshian 8 1 2 5 0 0 
 Stswecem'c 12 0 4 7 1 0 
 Splatsin 11 2 1 8 0 0 
Present-day AK Haida Gwaii 5 0 1 4 0 0 





Table 3.4- Population statistics analysis results of genetic diversity by population.  
 
Population Location Mean pairwise difference  Haplotype diversity, Hd*  Reference 
Ancient PRH 3.728571 0.995238095 This study 
Present-day BC Coastal 3.977823 0.985887097 Hughes et al. 2017 
 Interior 4.079051 0.972332016 Hughes et al. 2017 













Table 3.5- AMOVA results from haplogroup C and Q combined. 
     







Among groups 3 1.644 0.0105 Va 2.11 
Among populations within groups 4 1.857 -0.00947 Vb -1.9 
Within populations 63 31.274 0.49641 Vc 99.79 
Total 70 34.775 0.49744  
Fixation Index   
 FSC: -
0.01944  FST: 0.00208 
FCT: 
0.02111 
Significance tests (10000 





Table 3.6- AMOVA results for all haplogroups grouped by population. 
     







Among groups 3 1.774 -0.00745 Va -1.5 
Among populations within groups 4 2.508 0.01562 Vb 3.14 
Within populations 111 54.314 0.48931 Vc 98.36 
Total 118 58.597 0.49749   
Fixation Index   
 FSC: 
0.03093  FST: 0.01643 
FCT:-
0.01497 
Significance tests (10000 

























Supplemental Table 3.2- AMOVA table for Haplogroup C individuals grouped by population. 
 
     







Among groups 3 1.46 -0.01263 Va -2.59 
Among populations within groups 1 0.5 0.01399 Vb 2.87 
Within populations 13 6.318 0.48601 Vc 99.72 
Total 17 8.278 0.48737   
Fixation Index   
 FSC: 
0.02797  FST: 0.00278 FCT: -0.02592 
Significance tests (10000 





Supplemental Table 3.3- AMOVA results for haplogroup Q individuals grouped in different 
communities.  
 







Among groups 3 1.648 0.01561 Va 3.15 
Among populations within groups 4 1.833 -0.01398 Vb -2.82 
Within populations 40 19.768 0.4942 Vc 99.67 
Total 47 23.25 0.49584   
Fixation Index   
 FSC: -
0.0291  FST: 0.0033 FCT: 0.03148 
Significance tests (10000 
















Supplemental Table 3.4- All haplogroups separated out by geographic area showing the different 
components of the Indigenous, non-Indigenous, and combined haplogroups. 
 







Among groups 3 19.578 0.08531 Va 4.29 
Among populations within groups 6 12.947 0.01568 Vb 0.79 
Within populations 192 362.569 1.88838 Vc 94.92 
Total 201 395.094 1.98937   
Fixation Index   
 FSC: 
0.00824  FST: 0.05077 FCT: 0.04288 
Significance tests (10000 
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CHAPTER 4: MITOGENOMES REVEAL POPULATION HISTORY AND GENETIC 
CONTINUITY IN BRITISH COLUMBIAN FIRST NATIONS OVER TIME 
 
Abstract 
Tsimshian and Nisga’a First Nations groups in British Columbia (BC) have been residing 
along the coast for at least 5000 years, tracing their ancestry back to individuals unearthed from 
archaeological sites in Prince Rupert Harbour (PRH). Previous population history research has 
demonstrated genetic continuity between these ancient and present-day populations. Sex-biased 
admixture from European populations has influenced the paternal history by replacing much of 
the variation that was present in the Y-chromosome, but had a smaller effect on the 
mitochondrial DNA variation. Chapter 2 examined the hypervariable region of mitochondrial 
DNA in the ancient and present-day British Columbian populations and found six haplotypes 
shared between these groups and a reduction in genetic diversity in the present-day populations. 
In this chapter, mitochondrial genomes (mitogenomes) from 103 ancient and present-day British 
Columbian First Nations people were generated. These show three haplotypes shared between 
ancient and present-day coastal and interior groups, as well as unique haplotypes that could 
represent founding lineages in BC that were in high frequency but have since been lost over 
time. Contrary to Chapter 2, genetic diversity estimates of mitogenomes indicate an increase in 
genetic diversity in present-day populations. A few ancient studies have examined populations 
from Eastern Canada and South America and have published mitogenomes from individuals in 
these locations. This chapter found no haplotype sharing with these other ancient populations. 
The mitogenome provides higher resolution information than the hypervariable region alone, 
reducing the effects of recurrent mutations. Additionally, this allows for the study of the 
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population history and the genetic effects of European colonization on the mitogenome in these 
First Nations groups in British Columbia.  
 
Introduction 
 To further explore the question of the biological impacts of European colonization, which 
was one of the largest demographic events in the world, I expanded on the data from the 
hypervariable segment 1 (HVS1) of the mitochondrial genome (mitogenome) examined in 
Chapter 2 by generating whole mitogenomes from ancient and present-day individuals. These 
data would provide further insight into the evolutionary history of the mitogenome. Numerous 
studies have been completed on whole mitogenomes and have laid the groundwork for 
examining mitogenome variation in populations over a wide geographic range, but few studies 
have analyzed a large number of mitogenomes within a single population over time. In this 
chapter, I use mitogenomes to further explore the maternal population history in the same British 
Columbian First Nations populations of previous chapters. Do I still see the same reduction in 
mitochondrial DNA diversity with whole mitogenomes that I saw with the HVS1? This will 
provide more high-resolution information and determine if there is a bias in the HVS1 region 
compared to mitogenomes. Have there been mitogenome haplotypes gained or lost over time? 
Chapter 2 found similarities with Alaskan Haida and Tlingit individuals, do mitogenomes show 
similar results to these or other ancient populations studied in the Americas? The answers to 
these questions will illustrate genetic effects of European colonization on these First Nations 
populations and allow for comparison of these mitogenome data to others in the Americas.  
Before the sequencing of whole mitogenomes was feasible for large numbers of 
individuals, the HVS1 was examined due to the small size and ancestry-informative variation in 
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the Americas (Torroni et al. 1993, Bonatto and Salzano 1997, Malhi et al. 2002). Some studies 
have been completed indicating the benefit of using mitogenomes compared to the HVS1 (Non 
et al. 2007, Tamm et al. 2007, Achilli et al. 2008, Fagundes et al. 2008). The benefits include 
greater resolution allowing examination of more of the diversity present and the ability to more 
precisely determine the haplogroup for those whose defining mutations are not in the HVS1 
(King et al. 2014). It is also known that mutations in the HVS1 region often recur and can create 
a bias when comparing haplotypes across a large geographic region or calculating genetic 
diversity estimates, which is less likely in the coding region (Hasegawa et al. 1993, Wakeley 
1993, Sigurðardóttir et al. 2000, Malhi et al. 2002, Malyarchuk et al. 2004, Non et al. 2006). 
There is also a disadvantage to analyzing whole mitogenomes compared to the HVS1 region in 
that many studies have only published the HVS1 sequence, limiting the number of comparative 
DNA sequences.  
 The first whole mitogenome was sequenced in 1981 and has since been revised 
(Anderson et al. 1981, Andrews et al. 1999). This genome acts as a reference for comparative 
data sequenced in the field. Later studies provided information on the founding mitogenomes of 
Indigenous peoples in the Americas, which include those of haplogroup A2, B2, C1b, C1c, C1d, 
C4c, D1, D2, X2a, and X2g (Torroni et al. 1993, Bandelt et al. 2003, Tamm et al. 2007, Achilli 
et al. 2008, Fagundes et al. 2008). All mitogenome haplotypes that are generated from published 
studies are reported on a single website, Phylotree.org (van Oven and Kayser 2009). The 
previous mitogenome research on Indigenous populations has provided insight into the maternal 
population history of the Americas.  
The use of whole mitogenomes in ancient DNA studies can provide further insight into 
the diversity present before colonization and the founding types in the Americas (Cui et al. 2013, 
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Llamas et al. 2016, Duggan et al. 2017). It can also further explore the variation present in a 
population at a time. Llamas et al (2016) sequenced 92 mitogenomes from South America to 
explore the maternal genetic diversity and reconstruct the demographic history of the Americas 
in the last 8600 years. Haplogroups A, B, C, and D were all present in the ancient populations, 
and these sequences were compared to published mitogenomes and found no sharing of ancient 
and present-day haplotypes, suggesting they were lost over time as a result of European 
colonization (van Oven and Kayser 2009, Llamas et al. 2016). This study did find haplotype 
sharing among individuals at the same site, and occasionally, at another ancient site. These 
individuals in this study were from a broad time and geographic range in South America and 
may not alone be sufficient to examine the maternal population history of the Americas. 
However, a lack of sampling of North America has led to a dearth of available mitogenome 
sequences. 
A few ancient studies in North America have generated mitogenomes from individuals in 
Alaska (Tackney et al. 2015, Lindo et al. 2017), British Columbia (Cui et al. 2013), Montana 
(Rasmussen et al. 2014), Washington (Rasmussen et al. 2015), and Newfoundland (Duggan et al. 
2017). The Tackney study in central Alaska examined infant burials from 11,500 cal BP and 
found haplogroups B2 and C1b (Tackney et al. 2015). This study explored the early populations 
in Beringia to inform on the source populations of Indigenous Americans. Mitogenome data 
from 74 Pre-Inuit and Beothuk individuals from Newfoundland revealed individuals with 
haplogroups A2, A2a, A2i, B2c, C1b, C1c, C4c1, D1, D2a1, X2a1, and X2a1b (Duggan et al. 
2017). Lindo et al (2017) published a mitogenome from an individual in Alaska, known as Shuká 
Káa, who is more than 10,000 years old and has a D4h3a haplogroup. These studies reveal the 
mitogenomes that were present in the Americas and may have been in other ancient sites, giving 
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a snapshot of the past diversity in the Americas, and providing data that can be used to compare 
to British Columbian populations.  
 Mitogenome diversity of First Nations of British Columbia (BC) has been previously 
examined to identify similarities between ancient and present-day individuals (Cui et al. 2013). 
Cui et al (2013) analyzed four ancient Prince Rupert Harbour (PRH) and three present-day BC 
First Nation mitogenomes in comparison with other known Indigenous mitogenomes (groups A 
and D), including one from the nearby Haida (Schurr et al. 2012). Cui et al (2013) also found an 
ancient PRH and present-day Tsimshian individual that shared a mitogenome haplotype. The 
study published by Schurr and colleagues exploring the population history of the Haida and 
Tlingit in Alaska is the same comparative data used in previous chapters. Other mitochondrial 
DNA sequences have also been published in this BC population in studies demonstrating that the 
haplotypes of these Northwest coast individuals represent early ancestral lineages in the 
Americas (Raghavan et al. 2015, Lindo et al. 2016, 2017). These previous studies demonstrate 
genetic continuity between the ancient and present-day community members based on the 
analysis of the HVS1 of the mitogenome as well as whole-exome analysis. 
 Additionally in the Nisga’a present-day community, there are individuals whose 
mitogenome data have not been yet analyzed. This community is close to the Greenville midden 
site in coastal BC located about 62 miles from PRH, whose 81 individuals might be related to 
those in PRH (Cybulski 1992, 2001, 2013). An analysis of the mitogenomes of the present-day 
community members could be insightful since these ancient individuals at the Greenville site 
suggest a presence in this area over the last 1500 years (Cybulski 2013). The mitogenomes from 
these additional Laxgalts’ap present-day community members can also be compared to those 
from the ancient PRH to look for genetic similarities and to assess possible effects of European 
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colonization. Mitogenomes also offer the opportunity to more fully explore the maternal history 
of the population and unveil previously concealed variation in the Americas.  
 In this chapter, I compared mitogenome data generated and analyzed to the previously 
analyzed HVS1 data in Chapter 2, to look for any bias that may exist in the HVS1 region of 
mitochondrial DNA and to generate a higher-resolution data set to study the DNA variation 
present in the ancient community. To assess the effects of colonization on these First Nations 
populations in BC, I compared ancient and present-day mitogenomes to test the hypothesis of a 
reduction in genetic diversity over time. Additionally, I compared haplotypes before and after 
colonization to determine if haplotypes were gained or lost over time. Reductions in genetic 
diversity and the loss of haplotypes after colonization are indicators of the detrimental effects of 
European colonization. The data set in this chapter is nearly as large as the Llamas et al (2016) 
study, and since this study in South America did not find haplotype sharing, will I find the same 
thing? Did they not find sharing because the geographic range and time were too broad or 
because these haplotypes have not been identified yet in present-day populations? The First 
Nations populations in BC represent a smaller geographic range and span a shorter timeframe, to 
lessen the impact of these broad ranges. If I find no sharing of haplotypes, this might also 




Present-day community members 
 The previous whole mitogenome sequencing was completed on present-day individuals 
from Metlakatla, Lax Kw’alaams, Laxgalts’ap, Other Tsimshian, and Stswecem'c individuals 
118 
 
(Malhi et al. 2010, Cui et al. 2013, Achilli et al. 2013). The mitogenomes of these individuals 
were sequenced using previously established Sanger and next generation methods (Cui et al. 
2013, Lindo et al. 2016, 2017). The number of reads generated for each sample are listed in 
Table 4.1. Detection of heteroplasmy was completed by examining the sequence and called only 
when at least two clean sequencing fragments showed peaks of nearly equal height on the 
chromatogram.  
 
DNA library building 
 DNA extractions were performed using the same methods as in Chapter 2 and previously 
published studies (Cui et al. 2013, Lindo et al. 2017). DNA libraries were made from extracts 
using a New England Biolabs Ultra II Illumina library kit using standard protocols. Samples 
were treated with NEB USER® enzyme and incubated for 37˚C for 3 hours. This protocol also 
used the NEBNext Sample Purification Beads without size selection. Elution was completed in 
17 µL of 0.1X TE, PCR using NEBNext High Fidelity Master mix and unique Dual Index primer 
pairs from NEB (E6440S). PCR was performed using established protocols, with a modification 
of 15 cycles of denaturation at 98˚C (Cui et al. 2013). A PCR using Phusion Master Mix was 
done using established protocols, followed by a MinElute cleanup (New England Biolabs, 
Qiagen). An E-gel® was run with 100 base pair ladder (Invitrogen) to check for a smear pattern 
indicating multiple DNA products of various sizes. The Illumina NEBNext Ultra DNA Library 
Prep library kit was used on a few individuals with Ampure Beads (Cui et al. 2013). Some 
libraries were run on the Illumina HiSeq 4000 and others on the NovaSeq (Supplemental Table 
4.1). Libraries were assessed using a Qubit Fluorometer and run on a Bioanalzyer assay to check 
for quality and expected product sizes.  
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Test of negatives-QC 
 A water (H2O) or negative control was run during several (3) of the library builds using 
water from the same source in all the library runs (Table 4.1). No bands appeared on the E-gel® 
for any of these negatives. These controls were run on the Bioanalyzer and found to have no 
bands that correspond to the size of DNA, indicating that just primer dimer was present. 
Additionally, these controls had only one read that mapped to the chrM reference sequence, 
suggesting that little to no contamination was present. 
 
Analyses 
 High throughput data were generated at the Keck Biotech center and then a standardized 
bioinformatics pipeline was run on a Biocluster at the IGB at UIUC with 2824 cores and 27.7 TB 
of RAM (https://help.igb.illinois.edu/Biocluster2). DNA damage was assessed using 
MapDamage (Jónsson et al. 2013), however the USER® pretreat step repairs the cytosine 
deamination and this might affect the damage plot (Skoglund et al. 2015). Illumina DNA 
sequence reads were examined in Geneious 8.0.5 (https://www.geneious.com). A comparison 
was completed of the HVS1 data generated in Chapter 2 to the mitogenome data to confirm data 
congruence. Haplogroups were called according to Phylotree (mtDNA tree Build 17 [18 Feb 
2016]) (van Oven and Kayser 2009, Behar et al. 2012). Fasta files of the consensus sequence 
were exported from Geneious using the Highest Quality threshold.  
 Mitogenomes that were not complete (had at least 1x coverage for 1-16569) are reported 
in Table 4.1, and were not included in the analyses (listed as “not full”). As is standard practice 
for tree reconstruction on Phylotree, mutations at positions 309.1C, 315.1C, AC indels at 515-
522, 960.1, 16182, 16183, 16193.1C, and 16519 were not considered for analyses (Phylotree.org, 
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van Oven and Kayser 2009). Sequences with these mutations are reported in Supplemental Table 
4.2, but were disregarded for analyses. Mitogenomes with less than ten base pairs missing were 
used in analyses with missing base pairs marked as N and not considered in making the 
phylogenetic trees, following published methods (Duggan et al. 2017).  
 For the present-day individuals, Fasta files were downloaded from NCBI GenBank, when 
possible, or the consensus sequence was exported from Sequencher version 5.4 (Gene Codes 
Corporation). These Fasta files were combined into one document, imported into BioEdit version 
7.0.5.3, aligned using a ClustalW multiple alignment with the default parameters, and exported 
to Fasta format. Individual Fasta formatted files were imported into mtPhyl5.003 and 
phylogenetic trees were constructed, ignoring the hypervariable sites listed above and small gaps.  
A haplotype by site graph was made using RStudio® version 3.5.0 using the ggplot 
package (Figure 4.1, RStudio® 2015, Wickham 2009). This was accomplished for each 
haplotype by sorting Table 4.2 first by haplogroup and then by haplotype and arbitrarily assigned 
a number. Ancient PRH sites and sample sizes are: Alaska (N=1), Baldwin (N=5), Boardwalk 
(N=21), Dodge Island (N=3), Garden Island (N=4), Lachane (N=17), Lucy Island (N=3), 
Metlakatla (N=1), Parizeau Point (N=3), Ridley Island (N=1), and Wil’yaga łoo (N=8). The 
present-day groups are: Coastal (N=18) and Interior (N=18). This site information was presented 
with ancient sites first in alphabetical order followed by present-day groups (Figure 4.1). 
Genetic diversity estimates Haplotype Diversity (Hd) and Nucleotide diversity (Pi or π) were 
calculated using DNAsp v6 for all individuals, and again for individuals who had haplogroup A 
(Table 4.3). These diversity estimates of haplogroup A individuals were separated by population 
and by groupings of populations based on their location: PRH (ancient), Coastal (Lax 
Kw'alaams, Other Tsimshian, and Laxgalts'ap), and Interior (Stswecem'c). Since only one 
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haplotype from Alaska was included, no diversity estimates were created for this population. 
Due to uneven sampling across the populations with whole mitogenomes from 66 ancient 
compared to 37 present-day individuals, this could be problematic for some of the present-day 
populations with smaller sample sizes, especially in haplogroups B, C, D, and X that were few in 
number. Therefore, diversity estimates were not calculated for haplogroups other than A.  
 
Results 
There are 71 haplotypes present in the 103 ancient and present-day BC individuals, 79 of 
which are haplogroup A, two are B, six are C, eight are D, and eight are X (Table 4.2, Figure 
4.1). Breaking these down into subgroups, there is one individual with haplogroup A2a, four 
with A2ag, sixteen with A2aq, and the others appear to be A2*. One individual appears to have 
haplogroup B2a* and another individual possibly has a B2d or is a B2* haplotype. Of the 
individuals that have haplogroup C, one is C4c1*, two are C1b types, another could be C1b4 or 
is C1b*, another individual could be C1b10, and the last individual is possibly a C1d type. One 
individual with haplogroup D belongs to the group D4h3a7. Another individual could have a 
D1h type or else it has haplogroup D1*. All of the other haplogroup D individuals have a 
subtype D1*. Lastly for haplogroup X, one individual is X2a1b, another individual is possibly 
X2a1, and six individuals are either X2a2 or X2a*. The ambiguity in these subgroups results 
from these haplotypes not having every mutation that defines the branch in comparative 
populations, thus both the potential group (ie. B2d) is listed and the subgroup above it (ie. B2*) 
in case the more defined subgroup is not correct (van Oven and Kayser 2009). 
Thirteen haplotypes are shared between at least one geographic site, three of which are 
found in both an ancient site and a present-day population (Figures 4.1 & 4.2, Table 4.2). One is 
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shared between an individual from the Boardwalk site, present-day Metlakatla, an Other 
Tsimshian, and a Laxgalts'ap individual (Ht #74). Another is shared between three ancient 
individuals from the Boardwalk site, two individuals from the Lachane site, one individual from 
the Baldwin site, and a present-day Interior Stswecem’c individual (Ht #41). As previously 
reported, an individual from Dodge Island and a Lax Kw’alaams individual share haplotype #15 
(Cui et al. 2013). The haplotypes that share within a site include: Ht #10 shared among three 
individuals from the Lachane site, two other individuals from the Lachane site share haplotype 
#9, two individuals from the Garden Island site (Ht #36), and finally among the Stswecem’c, two 
individuals share haplotype #53 and two others share haplotype #65 (and could be unknown 
relatives). The haplotypes that are shared between several ancient sites are two individuals from 
the Boardwalk site, one individual from the Lachane site, and one individual from the Baldwin 
site (Ht #11). One individual from the Wil’yaga łoo site, and the individual from Ridley Island 
also share Ht #24. Haplotype #33 is found in one individual from the Boardwalk site and one 
individual from the Lachane site. Ten individuals, including four from the Wil’yaga łoo site, five 
from the Boardwalk site, and one from the Baldwin site, share haplotype #46. Lastly, an 
individual from the Boardwalk and the Lachane site share haplotype #75.  
There are 26 haplotypes that are three or fewer mutational steps away from another 
haplotype in this data set (Table 4.4). For example, haplotypes #64 and #65 in the Stswecem’c 
community only differ by one mutation (bp 5495). In haplogroup A, one individual from the 
Parizeau Point site (Ht #23) has two mutations that differentiate it from Ht #2 found in an Other 
Tsimshian individual. The large shared group (Ht #46) appears to represent a founding type in 
the Americas because it differs from Ht #48 by one mutation, Ht #44 by one mutation, Ht #45 by 
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one mutation, and Ht #47 also by one mutation. These numerous closely related (1-3 mutations) 
haplotypes are easiest to see on phylogenetic trees. 
The phylogenetic trees for haplogroups A, B, C, D, and X of the mitogenomes in this 
chapter (Supplemental Figures 1,2,3,4,&5) show the relationships between these haplotypes 
compared to each other and what has been published in previous work (van Oven and Kayser 
2009). These figures also illustrate the sheer number of shared haplotypes between ancient and 
present-day people and those haplotypes that are a few mutations away from each other. Clusters 
of individuals appear on the haplogroup A tree, such as the cluster of haplotype #41 grouping 
seven individuals together near two haplotype #36 individuals, and another cluster with 
haplotype #44, #45, #46, #47, and #48 together in one larger group (Figure 4.2, Supplemental 
Figure 4.1). Two of these clusters are the A2ag and A2aq subbranches, and others appear to be 
new branches. Only one haplogroup B individual from the present-day Interior, belonging to a 
new branch of the B2 subgroup, had enough coverage of the mitogenome to be included in 
analyses (Supplemental Figure 4.2). A few present-day individuals with haplogroup C1b also 
cluster near each other (Supplemental Figure 4.3). The few haplogroup D individuals appear to 
cluster mostly in the haplogroup D1 subbranch, however there is a fair amount of distance 
between these individuals, indicating that they are only distantly related (Supplemental Figure 
4.4). A small clustering of individuals with Haplogroup X2a appear to have four individuals with 
the same haplotype, and three others separated by a few mutations (Supplemental Figure 4.5).  
 There were forty different haplotypes in Chapter 2 from the ancient and present-day BC 
individuals, fourteen of which were sequenced for the whole mitogenome in this chapter. 
Haplotype #1 from Chapter 2 was split into seven different mitogenome haplotypes, haplotype 
#2 also diversified into seven mitogenome haplotypes, and haplotype #3 had seven different 
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mitogenome haplotypes. All other HVS1 haplotypes from Chapter 2 only had one or two 
corresponding mitogenome haplotypes, mostly individuals from haplogroups D and X. This 
illustrates that examining mitogenomes provides more information on the variation present in a 
community than the HVS1. 
Mitogenome data from BC were compared to other populations in the Americas to 
determine if there were matching haplotypes in other communities. There were no matching 
haplotypes between the First Nations groups in BC, the individuals from South America in the 
Llamas et al. data set, or the Indigenous groups from the Duggan et al (2017) data set. Since 
these geographic locations are distant from one another, finding haplotype sharing was unlikely, 
but if found, could have indicated ancient migrations of individuals with these haplotypes. 
 
Genetic Diversity 
 Estimates of genetic diversity measured by the haplotype diversity (Hd) and nucleotide 
diversity (π) for all haplogroups in PRH, coastal, and interior populations show that the present-
day populations, each with eighteen individuals, have more diversity than the ancient PRH 
population (Table 4.3). These estimates are likely influenced by the presence of multiple 
haplogroups such as B, C, D and X in those populations compared to the ancient population that 
is 88% haplogroup A. Additionally, when the coastal population is split into the different groups, 
each population has higher diversity than the ancient. This is in contrast to what was found in 
Chapter 1, which in most cases showed a reduction in genetic diversity in the present-day 
populations.  
There seem to be several mutations that are not present on Phylotree.org (van Oven and 
Kayser 2009) and could represent new mutations not previously reported in the Americas. 
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Examples of these mutations are 1378C<T (Hg A), 9090T<C (Hg A), 12724A<G (Hg A), 
14887A<G (Hg A), 16512C (Hg A), and 9410A<G (Hg D) (Table 4.2). Mutation 16512 appears 
to have been common in PRH, as fourteen individuals have the T to C mutation at this location. 
A C to T mutation at position 64 also appears to be common in this population as 71 of the 79 
haplogroup A individuals have this mutation. This site appears on the tree as a recurrent mutation 
that is not required to define this clade (van Oven and Kayser 2009). One mutational site 
appeared heteroplasmic (8477), in individual B01 from Laxgalts'ap (Ht #29) having both C and 
T present at nearly equal heights in the chromatogram. This leaves ambiguity in the distance 
between this haplotype, either 2 or 3 mutations different than Ht #28 (Table 4.4).  
 
Discussion 
This chapter examines one of the largest ancient whole mitogenome data sets from the 
Americas and expands considerably the number of mitogenome lineages in the BC First Nations 
populations studied in this dissertation. Mitogenomes from these 103 individuals illustrate the 
maternal population history of First Nations in BC and provide insight into the founding 
populations in BC. This chapter adds the most amount of information on population history of 
haplogroup A, as the majority of the ancient individuals have haplotypes that belong to this 
group. It appears that along with the typical A2 founding haplotype with the standard five 
defining mutations in the HVS1, there also existed a related haplotype with a mutation at 16512 
that no longer exists in these present-day BC populations. This haplotype (#46) was present in 
three different ancient sites and could have been lost as a result of European colonization, along 
with other mitogenomes no longer seen in the present-day population. The haplotype cluster with 
Hts #44-48 (Table 4.2) could suggest that Ht #46 is a founding group in BC, due to the large 
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number of individuals surrounded by other haplotypes that are 1-2 mutations away, or described 
as a “Starlike pattern” in the tree (Achilli et al. 2008). 
While it is clear that many haplotypes are present in only the ancient or present-day 
population, there are three haplotypes that have persisted through time (Figures 4.1 & 4.2). These 
haplotypes are from haplogroup A (A2g and A2*) and appear to have been present in PRH 2500 
years ago, and the X2a* or X2a2 haplotype appears to have been present 2600 years ago. These 
haplotypes could have been in high frequency in the ancient population during this time, 
allowing them to persist to today. The present-day individuals that matched haplotypes with 
ancient individuals come from every population studied in this chapter: the coastal Tsimshian 
Lax Kw’alaams, Metlakatla, and the Other Tsimshian group, the Nisga’a group, and the interior 
Stswecem’c community. These shared haplotypes also further support other archaeological and 
oral history data that suggest genetic continuity between PRH and the coastal First Nations in BC 
(Beynon 1941, Cybulski 2001). Haplotype #41 also lends evidence to shared ancestry with 
interior BC groups that are thought to have a more distant ancestry (Malhi et al. 2004, Eshleman 
et al. 2004, Verdu et al. 2014, Hughes et al. 2016). This haplotype sharing with the interior 
individual also demonstrates that at least this haplotype is broadly shared with other Indigenous 
groups in the Americas and could be found elsewhere as well. There are also several other 
haplotypes that are between 1-3 mutations separating an ancient and present-day individual, 
suggesting that these types could also have persisted in BC in the last ~5000 years and only 
accumulated a few mutations in that time.  
One other similar and large study did not find any sharing between the ancient and 
present-day population (Llamas et al. 2016). This study had a broader geographic and time range 
than the study in this chapter, possibly explaining why three haplotypes were able to persist in 
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the BC populations. Other possibilities include that the haplotypes persisting in BC were in 
higher frequency than the haplotypes in the ancient individuals in the Llamas study and/or that 
shared haplotypes have not been sampled yet. Perhaps also suggesting the presence of more 
haplotypes in lower frequencies in the ancient individuals in the Llamas study. It could also be 
that the shared haplotypes #41 and #75 survived European colonization in BC, purely by chance. 
Lastly, it is possible that European colonization affected the BC and South American individuals 
in the Llamas et al study differently, causing some haplotypes in BC to persist. Since there 
appears to be a strong sex-biased effect of European colonization in BC as seen in Chapter 3, 
perhaps this allowed mitogenome lineages to persist more in BC than in South America. A study 
of the Y-chromosome in the Llamas et al. data set would be illuminating and could search for 
possible sex-biased effects of colonization. 
Many of the haplogroups could not be determined past a certain point and were labeled 
with a * to indicate that the haplotype did not fit into any particular group and could represent 
basal lineages to present-day clades. Further suggesting this is the presence of many haplotypes 
with one or two of the mutations leading to a particular subbranch, but not all. One example of 
this is the individual labeled PRH-495 that has one of the mutations that defines haplogroup D1h 
(16274A), but not the other. This occurs in the present-day populations as well. A Stswecem'c 
individual (KAM) seems to have one of the four mutations that define X2a1, 143A, but not the 
other three. Another possibility for this is that these could be recurrent mutations since they are 
all in the hypervariable region. Another example, this time outside the HVS1, is haplotype #74 
where three individuals from ancient and present-day populations have the mutation at 14560A 
but none of the other mutations that define X2a2. Given that all but one of the individuals in this 
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data set with haplogroup X has this mutation, it is also possible that this mutation is 
hypervariable or should be placed in a different location on the tree. 
These BC First Nations individuals do not appear to have the same haplotypes as any 
other individual in either the Llamas et al (2016) or Duggan et al (2017) data sets. Given the 
broad geographic distances between these groups, especially the South American data set, it was 
unlikely that there would be any sharing of haplotypes. The Haida individual and Shuká Káa 
from Alaska, also do not share haplotypes with those in BC (Schurr et al. 2012, Lindo et al. 
2017). Given the small sample size of these Alaskan populations, it is plausible that they would 
not share haplotypes with the BC First Nations groups. 
The genetic diversity of mitogenomes in PRH is less than that of the present-day BC 
individuals. This higher diversity in the present-day populations could indicate the migration of 
individuals from other areas of the Americas into the BC area as a result of forced migrations 
and other associated events associated with European colonization. The genetic diversity values 
are very similar and may not show any real genetic effect on the mitogenome of colonization, 
suggesting that these populations may not be any more or less diverse than the other. Sample 
sizes are small in the present-day populations, complicating the genetic diversity analyses and 
there is the potential for more haplotype sharing with PRH individuals, obscured by the limited 
sampling. Chapter 2 found a reduction in genetic diversity in the HVS1 region, whereas in this 
chapter I find a possible slight increase. This could be due to greater sampling of the ancient 
populations or it could be due to a bias in HVS1 with its high mutation rates (Hasegawa et al. 
1993, Wakeley 1993, Sigurðardóttir et al. 2000, Malhi et al. 2002, Malyarchuk et al. 2004, Non 
et al. 2006). The presence of recurrent mutations like 64 could also support this previous 
129 
 
research suggesting a bias in the HVS1 region. Additionally, it could also be part of forced 
migrations of Indigenous peoples to the area, adding diversity in the present-day populations.  
These new data demonstrate the importance of using mitogenomes to reveal information 
about Indigenous population history in BC. These data indicate that there are fewer haplotypes 
when just the HVS1 is examined (Table 4.2). There are five haplotypes that shared an HVS1 
haplotype that no longer share a mitogenome haplotype, as expected, since the HVS1 does not 
capture as much variation as mitogenome. The haplotype diversity values in Chapter 2 of the 
HVS1 appear to be nearly equal to those found in this chapter. However, the nucleotide diversity 
values are lower in the mitogenomes, illustrating the conserved nature of the coding region of the 
mitogenome compared to the hypervariable region.  
The new mutations appearing in this BC data set could be informative because the might 
represent new branches of the mitogenome and could shed light on the diversity in these groups 
before colonization. Those branches that are not shared with the present-day individuals may 
have been lost as a result of European Colonization. Some of the haplogroups for these 
mitogenomes could not be placed with any one particular subhaplogroup because they have one 
or two of the mutations leading to a particular subbranch, but did not have all of the mutations. 
Given that the majority of the data in this chapter comes from ancient individuals, the ambiguous 
calls for these mitogenomes could be a result of these representing lineages that gave rise to 
others that have been sampled in the Americas.  
Given the knowledge of the detrimental effects of European colonization, I expected to 
find a reduction in genetic diversity in the present-day populations compared to ancient 
individuals in PRH. The genetic diversity results in Chapter 2 seemed to suggest a possible 
reduction, however the results of this chapter did not find any evidence for a reduction. The 
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presence of haplotype sharing in these ancient and present-day populations indicate that 
European contact did not remove all sharing, however only 4.2% of all the haplotypes in BC are 
shared. It is likely that there were some haplotypes that were lost as a result of colonization.   
 
Conclusions 
 European contact likely had an effect on the Indigenous people in BC, eliminating some 
mitogenome haplotypes and adding others, resulting in nearly equal genetic diversity values for 
each population. There are three haplotypes that have persisted throughout time suggesting that 
European colonization did not remove all sharing between these communities and leads to 
further evidence that the ancient community in PRH and the BC First Nations populations along 
the coast, and possibly the interior BC groups are related. The presence of other ancient 
haplotypes that are similar to present-day types could further suggest genetic continuity with 
evolution. The mitogenomes provided greater resolution of the population history than the HVS1 
and this approach is recommended when possible. These mitogenomes were compared to others 
in the Americas and did not find any sharing with these geographic distant populations. The BC 
First Nations populations have a narrower geographic area than these other ancient studies, but a 
fairly long history of inhabitation along the coast. This allows for the study of population history 













FIGURES AND TABLES 
 
Figure 4.1- Haplotype by site graph for the ancient PRH sites, coastal, interior, and comparative 
population in Alaska. Open circles are unique haplotypes, gray circles are haplotypes that are 
shared with at least one other individual from a population existing at approximately the same 






Figure 4.2- Phylogenetic tree of haplogroup A and X haplotypes that are shared between ancient and present-day individuals created 










Supplemental Figure 4.1- Haplogroup A2 tree for ancient, present-day coastal, interior, and Haida individual from Alaska made 

































Supplemental Figure 4.4- Haplogroup D tree for ancient and present-day interior individuals 





Supplemental Figure 4.5- Haplogroup X tree for ancient, present-day coastal, and interior 








Table 4.1- Quality control information on each mitogenome generated, mapped to whole genome 
reference sequence (Hg19), then to mitochondrial (chrM) reference sequence, and coverage 





Table 4.2- Table of individuals included in analyses, their population and their haplotypes. An 



















































 Number of sequences  49 18 18 1 
 Number of segregating sites, S 114 114 138   
 Number of haplotypes, h  32 15 16 1 
 Haplotype diversity, Hd  0.97279 0.97386 0.98693   
 Average number of 
differences, K  14.79592 24.03922 34.5817   
 Nucleotide diversity, Pi  0.0009 0.00146 0.0021   
 Nucleotide diversity with JC, 
PiJC  0.0009 0.00146 0.0021   
 
 

















 Number of sequences  44 5 2 9 7 1 
 Number of segregating 
sites, S 46 24 13 55 26   
 Number of haplotypes, h  27 5 2 8 6 1 
 Haplotype diversity, Hd  0.96617 1 1 0.97222 0.95238   
 Average number of 
differences, K  8.71987 10.6 13 15.77778 8.95238   
 Nucleotide diversity, Pi  0.00053 0.00064 0.00079 0.00095 0.00054   
 Nucleotide diversity with 
JC, PiJC  0.00053 0.00064 0.00079 0.00096 0.00054   
 
 





(N=44) Coastal (N=17) Interior (N=7) 
AK 
(N=1) 
 Number of sequences  44 17 7 1 
 Number of segregating sites, S 46 79 26   
 Number of haplotypes, h  27 16 6 1 
 Haplotype diversity, Hd  0.96617 0.99265 0.95238   
 Average number of differences, K  8.71987 14.27941 8.95238   
 Nucleotide diversity, Pi  0.00053 0.00086 0.00054   




Table 4.4- Haplotypes compared to each other to look for similarities. Only three or less 















































Supplemental Table 4.1- DNA and Library build details for each ancient individual.  
 
Individual name RNA used? Library/index kit used Illumina Run Technology 
PRH-177   E7103S, E6440S Novaseq 
PRH-191   E7103S, E6440S Novaseq 
PRH-196   E7103S, E6440S Novaseq 
PRH-198   E7103S, E6440S Novaseq 
PRH-303A   E7103S, E6440S Novaseq 
PRH-303B   E7103S, E6440S Novaseq 
PRH-307   E7103S, E6440S HiSeq 
PRH-312   E7103S, E6440S Novaseq 
PRH-313   E7103S, E6440S HiSeq 
PRH-315 RNA E7103S, E6440S Novaseq 
PRH-316 RNA E7103S, E6440S Novaseq 
PRH-317   E7103S, E6440S Novaseq 
PRH-323   E7103S, E6440S HiSeq 
PRH-331   E7103S, E6440S HiSeq 
PRH-332   E7103S, E6440S Novaseq 
PRH-333   E7103S, E6440S Novaseq 
PRH-334   E7103S, E6440S HiSeq 
PRH-339   E7103S, E6440S Novaseq 
PRH-340   E7103S, E6440S Novaseq 
PRH-341   E7103S, E6440S Novaseq 
PRH-347   E7103S, E6440S HiSeq 
PRH-350   E7103S, E6440S Novaseq 
PRH-361   E7103S, E6440S Novaseq 
PRH-364   E7103S, E6440S Novaseq 
PRH-374 RNA E7103S, E6440S Novaseq 
PRH-375A   E7103S, E6440S HiSeq 
PRH-376 RNA E7103S, E6440S Novaseq 
PRH-381   E7103S, E6440S Novaseq 
PRH-385 RNA E7103S, E6440S Novaseq 
PRH-386   E7103S, E6440S HiSeq 
PRH-387 RNA E7103S, E6440S Novaseq 
PRH-396   E7103S, E6440S Novaseq 
PRH-401   E7103S, E6440S Novaseq 
PRH-405 RNA E7103S, E6440S Novaseq 
PRH-410   E7103S, E6440S Novaseq 
PRH-447 RNA E7103S, E6440S Novaseq 
PRH-454   E7103S, E6440S Novaseq 
PRH-460B   E7103S, E6440S Novaseq 
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PRH-461   E7103S, E6440S Novaseq 
PRH-463   E7103S, E6440S Novaseq 
PRH-465   E7103S, E6440S Novaseq 
PRH-467   E7103S, E6440S Novaseq 
PRH-474   E7103S, E6440S Novaseq 
PRH-475   E7103S, E6440S Novaseq 
PRH-476   E7103S, E6440S HiSeq 
PRH-480   E7103S, E6440S HiSeq 
PRH-484   E7103S, E6440S Novaseq 
PRH-487 RNA E7103S, E6440S Novaseq 
PRH-491 RNA E7103S, E6440S Novaseq 
PRH-493   E7103S, E6440S Novaseq 
PRH-495   E7103S, E6440S HiSeq 
PRH-499   E7103S, E6440S Novaseq 
PRH-502 RNA E7103S, E6440S Novaseq 
PRH-504   E7103S, E6440S HiSeq 
PRH-508   E7103S, E6440S HiSeq 
PRH-516   E7103S, E6440S HiSeq 
PRH-518   E7103S, E6440S Novaseq 
PRH-717   E7103S, E6440S Novaseq 
PRH-882   E7103S, E6440S Novaseq 
PRH-886   E7103S, E6440S Novaseq 
PRH-887   E7103S, E6440S HiSeq 
PRH-893 RNA E7103S, E6440S Novaseq 
PRH-894   E7103S, E6440S Novaseq 
PRH-899   E7103S, E6440S Novaseq 
PRH-938   E7103S, E6440S Novaseq 
PRH-1016   E7103S, E6440S Novaseq 
PRH-1022   E7103S, E6440S Novaseq 
PRH-1024   E7103S, E6440S Novaseq 
PRH-1026   E7103S, E6440S Novaseq 
PRH-1030   E7103S, E6440S Novaseq 
PRH-1031   E7103S, E6440S Novaseq 
PRH-1032   E7103S, E6440S Novaseq 
PRH-1033   E7103S, E6440S Novaseq 
PRH-1034   E7103S, E6440S Novaseq 
PRH-1036   E7103S, E6440S Novaseq 
PRH-1037   E7103S, E6440S Novaseq 
PRH-1038   E7103S, E6440S Novaseq 
PRH-1039   E7103S, E6440S Novaseq 
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H2O-1 NA E7103S, E6440S Novaseq 
H2O-2 NA E7103S, E6440S Novaseq 
H2O-3 NA E7103S, E6440S Novaseq 
PRH-152   E7370S, E7600S HiSeq 
PRH-160a   E7370S, E7600S HiSeq 
PRH-166   E7370S, E7600S HiSeq 
PRH-178   E7370S, E7600S HiSeq 
PRH-300   E7370S, E7600S HiSeq 
PRH-319   E7370S, E7600S HiSeq 
PRH-326   E7370S, E7600S HiSeq 
PRH-338t   E7370S, E7600S HiSeq 
PRH-378   E7370S, E7600S HiSeq 
PRH-466   E7370S, E7600S HiSeq 
PRH-477   E7370S, E7600S HiSeq 
PRH-481   E7370S, E7600S HiSeq 
PRH-488   E7370S, E7600S HiSeq 
PRH-511   E7370S, E7600S HiSeq 
PRH-515   E7370S, E7600S HiSeq 
PRH-520   E7370S, E7600S HiSeq 
PRH-521   E7370S, E7600S HiSeq 
PRH-939   E7370S, E7600S HiSeq 






















Supplemental Table 4.2- Haplotype for ancient individual newly generated in this dissertation 
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CHAPTER 5: CONCLUSIONS 
The Prince Rupert Harbour (PRH) archaeological sites have been thoroughly studied 
since the early 1900s from an archaeological perspective. These sites, along with the Lucy Island 
site, have unearthed remains from more than 270 individuals and provide information on the 
population structure of individuals from the last several thousand years on the BC coast. The 
present-day communities in coastal British Columbia (BC) are the Metlakatla First Nation, the 
Lax Kw’alaams First Nation, and the Nisga’a First Nation. They have entered into a community-
based participatory research project with the Malhi lab at UIUC, hoping to learn more about their 
ancestors. The interior BC individuals are said to be more distantly related to the Stswecem’c 
Xgat’tem First Nation and the Splatsin First Nation, and are also interested in learning about 
their genetic population history and have also engaged with the Malhi lab to explore this history.  
 The research questions of interest in this dissertation have been, what were the genetic 
effects of European colonization on these BC First Nations populations? Is there a sex-biased 
effect of colonization that can be seen using mitochondrial DNA (mtDNA) and the Y-
chromosome? If so, what does this look like? I also examined differences between the present-
day communities when results based off just coastal and interior groupings were not sufficient to 
fully explain the results, likely because some populations had different histories of migration 
than others.  
 Chapter 2 examines mitochondrial DNA (mtDNA) variation in ancient PRH and explores 
the population structure of these First Nations individuals. The hypervariable segment (HVS1) of 
mtDNA was sequenced in 61 ancient individuals and used to calculate genetic diversity 
estimates for each population of ancient PRH and present-day First Nations groups in BC. Many 
haplotypes were shared with other individuals in both the ancient and present-day populations. 
149 
 
Genetic diversity estimates seem to show a slight reduction in genetic diversity in the present-
day populations compared to the ancient PRH, as expected if European colonization had a 
detrimental effect on this population. One present-day population had more genetic diversity 
than the ancient population, the Metlakatla. This population, with a smaller sample size than 
PRH, has a history of people moving into the community, either when people are following a 
missionary to the community, or because the community is near a winter village where many 
people from different communities come to fish (Fladmark 1990, Cybulski 2001), both of which 
would increase genetic diversity.   
 The Y-chromosome STR variation in the ancient and present-day communities was 
explored in Chapter 3. This is one of the largest high-resolution ancient Y-chromosome data sets 
from the Americas and allowed me to explore the population history and assess sex-biased 
impacts of European colonization. Similar studies have published results on the sex-biased 
impacts of colonization on groups of present-day people (Bolnick et al. 2006), and the PRH 
individuals added the possibility to explore haplotypes over time to the analysis. Surprisingly, 
the genetic diversity of these First Nations communities was higher than the ancient community, 
likely indicating that even when Eurasian haplogroups are removed, there were still enough 
migration events of Indigenous individuals to add diversity to the present-day groups. There 
were no matching haplotypes between an ancient and a present-day individual, suggesting that 
the ancient haplotypes did not persist to the present time, or have yet to be sampled.  
 Chapter 4 examines whole mitochondrial genomes (mitogenomes) for 103 ancient and 
present-day BC First Nations individuals and compares these data to those of Chapter 2 to 
illustrate the benefits of using mitogenomes. The greater resolution of mitogenomes allowed for 
seeing that mtDNA HVS1 haplotypes that were identical turned into up to seven different 
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mitogenome haplotypes. This chapter found haplotype sharing for three different haplotypes 
between at least one ancient individual and a present-day individual living in BC. All present-
day populations examined in this chapter had at least one individual that shared with an ancient 
population: Lax Kw’alaams, Metlakatla, the Other Tsimshian group, Laxgalts’ap, and the 
interior Stswecem’c. This indicates that some haplotypes are shared broadly within the 
Americas. The haplotype sharing with the ancient population was a bit unexpected to have found 
three haplotypes that shared with present-day groups, given that other similar studies did not find 
any haplotype sharing (Llamas et al. 2016). One such shared haplotype had already been 
published in a BC First Nations population (Cui et al. 2013).   
 This dissertation could see effects of colonization by looking at the haplotypes present in 
the ancient and present-day populations. Seeing new types in the ancient population in either the 
mtDNA or Y-chromosome could indicate a loss of that haplotype as a result of colonization. 
Seeing new haplotypes could indicate the migration of individuals with new haplotypes into the 
BC communities, possibly a result of forced migrations by colonizers. Seeing sharing of 
haplotypes between an ancient and present-day individual illustrated that not all haplotypes were 
lost resulting from European colonization and demonstrates genetic continuity in the community. 
Identifying the haplotypes as a haplogroup more commonly found in another part of the world 
allowed for examining the sex-biased effects of European colonization. A comparison of the 
percent of non-Indigenous haplogroups in the population for both the mtDNA and the Y-
chromosome found that a majority of men in the BC present-day populations had haplogroups 






These ancient data sets of mitogenomes and Y-chromosome STRs are rare in the 
Americas and would provide insight into many questions. Some questions that I have after doing 
this dissertation involve further refining the haplogroup calls of individuals as a few ancient men 
could not be typed to a haplogroup, despite having data for many STRs and were sometimes 
predicted to be a haplogroup that is not usually found in the Americas. It is possible that 
haplogroup R could have been present in a founding population in the Americas, and could 
represent an ancient lineage that has yet to be found. I could do further Y-chromosome 
sequencing to refine the haplogroup information, find the unknown haplogroups for individuals, 
and compare these sequences to others in the world. If enough sequencing data exist, I could also 
do a comparison of the evolution of mtDNA and the Y-chromosome through co-phylogenetic 
analysis.  
I compared both mtDNA and Y-chromosome haplotypes to a few other publicly available 
data sets, but I could compare these haplotypes in BC to all those found in the Americas to see if 
there are any other haplotypes that share, which might indicate ancient migration movements 
throughout the Americas, although the possibility of finding sharing across large geographic 
distances is low. I could also further explore the possible founding types in the ancient PRH 
individuals to see if any other population in North America might have a similar haplotype. Even 
if the comparative data only has the hypervariable segment sequenced, it would still show if 
16512 is found anywhere else. A new map of the haplogroup distributions in the Americas could 
also illustrate the population history and variation throughout the Americas. 
There was a second migration event of Indigenous people with William Duncan that has 
not been explored yet and might provide some information on the haplotypes that used to be in 
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Lax Kw’alaams and Metlakatla, BC. This could be important to find the haplotypes that were in 
PRH, and years later still existed in Lax Kw’alaams, moved to Metlakatla BC before moving to 
Metlakatla, Alaska. This present-day community in Metlakatla, Alaska, would be an interesting 
population to collect data from and look for haplotypes that may have migrated to this area. If the 
community in Metlakatla, Alaska is interested, this project could illuminate more history of their 
population that may have been concealed by European involvement.   
Moving forward, I hope this research will facilitate the understanding of the effects of European 
colonization in the Americas and begin to explore the ethical implications of colonization on the 
Indigenous populations. This dissertation is also working to decolonize research by partnering 
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APPENDIX A: SUPPLEMENTAL TABLES 
 
Supplemental Excel file name is “Owings, Amanda dissertation appendix-supp tables.xlsx” and 
it has three tables and one supplementary table from Chapter 4. Details are listed below. 
 
Table 4.1- Quality control information on each mitogenome generated, mapped to whole genome 
reference sequence (Hg19), then to mitochondrial (chrM) reference sequence, and coverage 
estimates. 
 
Table 4.2- Table of individuals included in analyses, their population, and their haplotypes. 
 
Table 4.4- Haplotypes compared to each other to look for similarities. Only three or less 
mutations are labeled. 
 
Supplemental Table 4.2- Haplotype for each ancient individual newly generated in this 
dissertation including hypervariable sites and the coverage for these mutations. 
 
